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It has recently been demonstrated (Borzani ef al., 
1956) that the mash obtained from Araucaria brasili- 
ensis seeds by acid hydrolysis, when fermented by 
Saccharomyces cerevisiae, give alcohol yields practically 
constant at pH values from 2.9 to 7.2. This fact repre- 
sents a considerable increase of the yeast optimum 
pH interval. It has also been observed (Borzani ef al., 
1956) that glucose and arabinose were produced by 
the acid hydrolysis of the A. brasiliensis seeds. 

The hypothesis that arabinose could be responsible 
for the observed facts was suggested to us by Professor 
Renato Fonseca Ribeiro, and was confirmed in some 
preliminary experiments. 

This study deals with the effect of arabinose on the 
optimum pH interval of glucose fermentation by Sac- 
charomyces cerevisiae. This report also shows that the 
presence of arabinose increases the fermentation rate. 


EXPERIMENTAL METHODS 


Culture medium had the following composition: 
meat extract 3 g, peptone 5 g, glucose 30 g; L-arabinose 
added in quantities corresponding to 5, 15, and 25 per 
cent of glucose; water to 1 L. Blanks were run with 
culture media containing only one of the carbohydrates. 
Meat extract and peptone solution was sterilized by 
heat (120 C, 15 min); glucose and L-arabinose solutions 
were sterilized by means of a Seitz filter. Initial pH was 
adjusted with HCl and NaOH solutions and was 
potentiometrically measured. Culture medium for inoc- 
ulum had the following composition: meat extract 3 g, 
peptone 5 g, glucose 10 g; water to 1 L. The inoculum 
was prepared with Saccharomyces cerevisiae NRRL Y- 
684 at 29 to 30 C. Ten ml portions of the culture me- 
dium were distributed in test tubes, inoculated with 
0.5 ml of the inoculum, and incubated at 29 to 30 C. 
The fermentation rates were compared by periodic 
weighing of the test tubes (Borzani and Falcone, 1953). 
In some experiments, 2 ml of sterilized liquid Vaseline 
were added to each test tube in order to reduce evap- 
oration losses. The percentage losses due to evapora- 
tion with and without the Vaseline seal were 0.2 to 
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0.4 per cent and 1.8 to 2.5 per cent, respectively, for 
60 to 70 hr incubation times. These evaporation losses 
were subtracted from the observed weight losses during 
the fermentation. Final pH was measured potentio- 
metrically. Arabinose concentrations were determined 
by the Youngburg’s method (Browne and Zerban, 
1941) and the correction due to the presence of glucose 
was considered. Alcohol content was measured by 
common distillation process (Borzani and Falcone, 
1952), and yeast cell concentration was measured by 
direct counting with the hemocytometer chamber 
(White, 1954). The results presented are the averages 
of two or three measurements. Only typical experiments 
are indicated in this report. 


RESULTS 


Table 1 and figure 1 show the influence of L-arabinose 
on the glucose fermentation rate. Figure 2 shows the 
effect of L-arabinose on the final pH of the fermented 
medium. Table 2 and figure 3 show the effect of L- 
arabinose on the yeast optimum pH interval. 

The influence of L-arabinose was observed in a cul- 
ture medium sterilized by heat (120 C, 15 min) after 


TABLE 1 
Effect of t-arabinose on glucose fermentation rates 


Decrease in Weight Due to Fermentation (Per Cent)* 
tion Medium containing glucose 
pH2.5 | pH4.7 pH 2.5 pH 4.7 
hr | 

5 0.000 | 0.000 0.000 0.000 
10 0.000 | 0.000 0.022 0.000 
15 0.000 0.000 0.017 0.037 
20 0.000 0.015 0.017 0.121 
25 0.000 | 0.063 | 0.035 0.270 
30.5 0.000 0.512 
35.5 0.000 0.324 | 0.198 0.709 
42.5 0.000 0.523 | 0.375 0.878 
49 0.000 0.677 | 0.564 1.019 
59.5 0.000 0.900 | 0.810 1.151 
67.5 0.000 | 0.929 | 0.919 1.190 


* Test-tubes without liquid Vaseline were used. The quan- 
tity of arabinose was 5 per cent of the glucose. The decrease 
in weight due to fermentation was calculated in per cent of 
the initial culture medium weight. 

Incubation at 29 to 30° C. 
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the pH values were adjusted and measured with pH 
indicator paper. Figure 4 shows the results obtained. 
One experiment was run with a culture medium con- 
taining meat extract, 9 g per L; peptone, 15 g per L; 
glucose, 100 g per L; and L-arabinose, 15 per cent of 
the glucose. Blanks without glucose were run. The 
culture media were sterilized by heat (120 C, 20 min), 
distributed in 250 ml cylinders, inoculated with 10 g 
per L (8.4 X 10! cells per L) of pressed yeast (S. 


TABLE 2 


Effect of t-arabinose on the optimum pH interval of 
Saccharomyces cerevisiae NRRL Y-684 


| Decrease in Weight Due to Fermentation (Per Cent)* 


Initial pH | Culture medium containing: 
Glucose grabinove ({) | arabinose | arabinose 
1.5 0.000 | 0.000 0.000 | 0.000 
2.5 0.239 0.849 | 1.470 1.452 
4.7 0.573 1.2384 | 1.208 1.657 
6.4 0.739 1.069 | 1.296 1.112 
9.2 0.459 0.759 1.050 1.163 
10.7 0.000 0.921 | 0.250 0.000 
11.3 0.000 0.000 | 0.000 0.000 


* Test-tubes without liquid Vaseline were used. The de- 
crease in weight due to fermentation was calculated in per 
cent of the initial culture medium weight, after 67.5 hr of 
incubation at 29 to 30 C. 

+ Arabinose at 5 per cent of the glucose concentration. 

t Arabinose at 15 per cent of the glucose concentration. 

§ Arabinose at 25 per cent of the glucose concentration. 
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Figure 1. Effect of L-arabinoseon the CO: production rate. 
Experiments were carried out in test tubes containing the 
inoculated culture medium and 2 ml of liquid Vaseline to re- 
duce evaporation losses. The weight decrease is calculated in 
per cent of the initial culture medium weight. Temperature 
29 to 30 C. The dotted curves represent the results obtained 
without L-arabinose (OH), pH 4.2; ©, pH 6.4; A, pH 8.7); the 
solid-line curves represent the fermentation rates with culture 
medium containing 7.5 g per L of L-arabinose (@, pH 4.2; 
@, pH 6.4; A, pH 8.7). 
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Figure 2. Effect of t-arabinose on the final pH of the fer- 
mented media. Experiments were carried out in test tubes 
containing the inoculated culture media, without liquid Vase- 
line. Temperature 29 to 30 C. Results without L-arabinose 
are shown by the solid line. The results obtained with culture 
media containing L-arabinose (1.5, 4.5 and 7.5 g per L) were 
practically the same and are represented by the dotted curve. 
Time of incubation 67.5 hr. 
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Figure 3. pH-activity curves of Saccharomyces cerevisiae 
NRRL Y-684. Experiments were carried out in test tubes 
containing the culture media and 2 ml of liquid Vaseline to 
reduce evaporation losses. Temperature 29 to 30 C. Culture 
medium containing 7.5 g per L of L-arabinose, @; culture 
medium without L-arabinose, H; A represents the average 
of four different tests: (a) inoculated L-arabinose, (b) uninocu- 
lated L-arabinose, (c) uninoculated glucose, (d) uninoculated 
glucose + t-arabinose. Time of incubation 62 hr. 
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cerevisiae), and incubated at 29 to 30 C. Initial pH was 
measured with pH paper. The following results were 
obtained. In culture media without glucose, the yeast 
cells are almost completely destroyed and no alcohol 
is produced; final pH values are similar to those already 
indicated in figure 2; and the presence of L-arabinose 
does not influence the alcohol yields (table 3), but has 
a considerable effect on yeast reproduction (figure 5). 
Figure 6 represents the variation of L-arabinose con- 
centrations after the fermentations were completed. 


DISCUSSION 


The results show that arabinose has a considerable 
effect on the fermentation of glucose by S. cerevisiae 
NRRL Y-684. The rate of CO. production, as well as 
the optimum pH interval of the yeast, are greatly in- 
creased. The final pH values of the fermented media are 
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Figure 4. pH activity curves of Saccharomyces cerevisiae 
NRRL Y-684. Experiments were carried out in test tubes con- 
taining the inoculated culture media, without liquid Vaseline. 
Temperature 29 to 30 C. Glucose as carbon source, @; glucose 
and 1.5 g per L of L-arabinose, A. Time of incubation 69 hr. 


TABLE 3 
Effect of t-arabinose on alcohol yields 


Alcohol Yields, Per Cent by Volume at 15 C 
Initial pH Culture medium containing: 
Glucose Glucose and arabinose* 
1.0 0.0 0.0 
3.0 4.0 4.4 
5.0 4.1 _ 
5.5 _ 4.1 
6.5 4.0 — 
7.0 _ 3.9 
9.0 3.1 3.2 


*The quantity of arabinose was 15 per cent of the glucose. 
Incubation 29 to 30 C. 
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also effected. Arabinose destruction was observed in 
culture media of low and high pH values. A great re- 
duction of arabinose concentration was also observed 
in media where glucose was fermented by the Sac- 
charomyces. 

These experimental facts can be explained by the 
results of Conway and Downey (1950), and also yield 
additional evidence to their hypothesis. Admitting that 
the arabinose penetrates in the outer metabolic region 
of the yeast cells (Conway and Downey, 1950), we 
may suppose that this penetration modifies the physio- 
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Figure 5. Effect of t-arabinose on pH optimum of cell re- 
production. Experiments were carried out in 250 ml cylinders, 
with culture media inoculated with pressed yeast. Medium 
containing only glucose as carbon source, ©; medium con- 
taining glucose and 15 g per L of L-arabinose (15 per cent of the 
glucose concentration), @. Temperature 29 to 30 C. Time of 
incubation 50 hr. 
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Figure 6. u-Arabinose concentrations after complete fer- 
mentation. Experiments carried out in test tubes containing 
the inoculated culture mediunvand 2 ml of liquid Vaseline to 
reduce evaporation losses. Temperature 29 to 30 C. Time of 
incubation 125 hr. Initial arabinose concentration, 6.7 g per L. 
Medium containing only L-arabinose as carbon source, 0; 
medium containing glucose and L-arabinose, @. 
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logical properties of that outer region and it will be 
responsible for the experimental facts described in this 
report. However, this question will require further de- 
tailed study, chiefly in order to observe if other pentoses 
have the same effects. 
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SUMMARY 


Experiments were carried out in an attempt to de- 
termine the influence of arabinose on the fermentation 
of glucose by Saccharomyces cerevisiae NRRL Y-684. 

The presence of arabinose increases the rate of CO. 
production and the optimum pH interval of the yeast. 
The alcohol yields, with and without arabinose, are 
the same. The reduction of the medium pH during 
fermentation in the presence of arabinose is smaller 
than that observed on culture medium containing only 


J. H. SILLIKER AND W. I. TAYLOR [vou. 6 


glucose. Arabinose concentration decreases when the 
yeast ferment glucose. Arabinose is not fermented by 
the yeast studied; the inoculation of media containing 
only arabinose as a major carbon source results in an 
almost complete destruction of the yeast cells. 
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Many of the differences that exist between the needs 
of the clinical bacteriologist and the food analyst have 
been defined and discussed previously (Taylor et al., 
1958). Nowhere are these differences any more pro- 
nounced than in the need for the food bacteriologist to 
quantify the salmonellae in foods. The small numbers 
which characterize the occurrence of salmonellae in 
foods, often less than one per gram, prohibit the use 
of direct counting methods. The problem posed by the 
analysis of large amounts of food sample for small 
numbers of organisms has been attacked traditionally 
by resorting to a modification of the most probable 
number (MPN) technique (Hoskins, 1934; Ayres, 1949). 
As routinely performed, this technique involves the 
inoculation of triplicate 90 ml aliquots of selenite or 
tetrathionate enrichment broths with 10, 1 and 0.1 g 
amounts of food material. Successively greater dilutions 
are used when the food is known or thought to be more 
heavily contaminated. It was particularly in these 
latter cases during the course of analysis of a great 
many food samples that a recurring anomaly was ob- 


served. It was found quite frequently that Salmonella 
type organisms were not isolated from enrichment 
broth aliquots representing the greatest amounts of 
inocula, but were detected with ease in those which 
had received much smaller quantities of samples. The 
levels at which these “‘skips’”’ occurred were usually the 
10, 1 and 0.1 g replicates. Since the MPN technique is 
in effect a series of qualitative determinations from 
which quantitative data may be obtained from proba- 
bilities of frequency of occurrence, the underlying 
assumption is that the introduction of a single viable 
Salmonella type cell into a tube of enrichment broth 
will ultimately manifest itself as a Salmonella-positive 
test upon subsequent plating. The frequency and the 
extent of the skips belied this assumption. If, as we 
began to suspect, the salmonellae were undetectable at 
the aforementioned levels, this was a severe limitation 
of the method, because those were the most frequently 
used concentrations. Also, if the salmonellae did not 
occur in numbers great enough to show positives in 
subsequent dilutions, one would be led to believe that 
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there were none present when actually their presence 
was being concealed by factors as yet unknown. 

The primary non-salmonella organisms occurring in 
the enrichment broths are coliform bacteria. The ap- 
pearance of the plates which logically should have been 
positive was one of great coliform overgrowth. These 
results suggested two possible factors: that (1) in the 
event of great numerical superiority of coliforms over 
salmonellae, the selectivity of the enrichment broth is 
overwhelmed and no salmonellae are detected, or (2) 
the performance of the enrichment broth is negated by 
the added food material. The import of this analytical 
anomaly led to this investigation. 


MATERIALS AND METHODS 


The effect of an unfavorable imbalance of coliforms 
to salmonellae was determined by establishing varying 
ratios of coliform to salmonellae and inoculating en- 
richment broths. Pure cultures of each of three strains 
of coliforms and salmonellae newly isolated from food 
samples were mixed in known proportions and 1 ml of 
each of the mixtures were added to 99 ml of cystine- 
selenite I’ (North and Bartram, 1953) or tetrathionate 
broths. After 18 hr incubation at 37 C, brilliant green 
agar (BG) plates received 0.1 ml of a dilution calceu- 
lated to produce 100 to 300 well distributed colonies by 
spreader bar or “hockey stick” technique so that the 
percentage of salmonella colonies appearing on the 
plates could be used as an index of performance for the 
media. 

Since it was quite possible that the effect of an un- 
favorable ratio might be entirely different when the 
absolute numbers of salmonellae were small rather than 
large, both conditions were investigated. 

The ability of added food to alter performance of 
enrichment broths was tested with a variety of dried, 
powdered foods. The food samples were sealed in 
404 x 700 (46 0z) tin cans and autoclaved for 40 min 
at 15 lb. Sterile 11 g samples were weighed into 99 ml 
of enrichment broths in 150 ml capacity amber round 
glass jars containing broken glass. The coliform-sal- 
monella mixtures in varying ratios were added and, 
after 10 min of mechanical shaking, incubated at 37 C 
for 18 hr. BG plates inoculated by spreading were 
counted for salmonella percentages. 

The separation of bacteria from soluble food sample 
by centrifugation employed the addition of the 10 per 
cent food material and the organisms to sterile buffered 
water, shaking, centrifuging and resuspending the sedi- 
ment in 99 ml of enrichment broth. Centrifugation for 
10 min at 1100 g in an angle head Servall' centrifuge 
secured the desired removal of bacteria. Each food 
sample of approximately 110 ml was equitably dis- 
tributed in 3 to 50 ml polyethylene centrifuge tubes, 


‘Ivan Sorvall, Inc., Norwalk, Connecticut. 


which had been covered with crimped aluminum foil, 
and steamed for 10 min. (Since the completion of this 
work, high temperature polyethylene tubes which will 
permit autoclaving have been made available.) 


RESULTS AND DISCUSSION 


The effect of unfavorable coliform-salmonella ratios 
on the performance of enrichment broths is shown in 
table 1. In view of the overwhelming preponderance of 
coliforms in the most extreme ratios, the selectivity of 
these broths for salmonellae is undeniable. When, for 
example, only 10 salmonellae are inoculated concomi- 
tantly with 10 million coliforms, salmonellae comprise 
15 and 22 per cent of the population on BG plates after 
incubation in selenite and tetrathionate broth, respec- 
tively. From these data it was concluded that the 
performance of the enrichment broths in the absence 
of food samples was not likely to be responsible for the 
“skips” in the MPN analysis, regardless of the coli- 
form-salmonella ratios involved. 

The alternative possibility, negation of the efficacy 
of the enrichment broths through adulteration of the 
media with large food samples, was examined witb the 
results shown in columns A and B of tables 2 and 3. 
In these experiments, we have used 10 per cent food 


TABLE 1 
Selectivity of enrichment broths for Salmonellae 


Percentage of Salmonellae in Broth after Incubation 


Large inoculum Small inoculum 
Cystine- Cystine- 

T hio- T hio- 

C:S | selenite | nate brota | gelenite | broth 
10°:107 63 100 104:10 100 67 
10°: 10° 43 97 10:10 83 69 
10°: 105 25 100 10°:10 20 97 
10°: 104 3 100 107:10 15 22 


*C:S = Coliform:Salmonellae inoculum per 100 ml broth. 


TABLE 2 


The effect of centrifugation of food samples upon 
salmonella recovery 


Per Cent of Salmonella Colonies Developing on BG Plates after 
Enrichment in Tetrathionate Broth 

Ratio, 
C:S* Albumen | Whole egg Yolk Gelatin Dried beef 

| 96) 43) 93) 71) 76; 84 
105:1 | 96) 68) 18) 64; 76) 60) 28 100} 44) 55) 33) 7| 10 
10831 | 77| 4) 82) 25) 2 52 61 70 3) 96) 31) 86) 19) 2) 9 
107:1 63) 1) 63) 13 0 37 36) 44) 2 95) 18} 0} O} 1) 4 
108:1 — 10 93; 1, 95) 6 O| 2 


*C:S = ratio of numbers of coliforms:salmonellae. 

+ A = control—no food sample added; B = test—10 per 
cent food sample added; C = centrifuged, food sample added, 
centrifuged, and sediment used as inoculum. 
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samples throughout because the skips were most pro- 
nounced at that level of inoculum; however we had ob- 
served that with many foods the effect was noticeable 
even at levels of 0.01 per cent inocula. It could be seen 
also that the performance of the enrichment broth 
varied with the type of food added. In table 3, the loss 
of selectivity of selenite broth for salmonellae after the 
addition of gelatin is marked to the extreme. One re- 
covers almost a pure culture of salmonellae, 95 per 
cent, when coliforms outnumber them 1000 to 1 in the 
original inoculum, whereas the addition of 10 per cent 
gelatin to an identical aliquot results subsequently in 
failure to find even one salmonella colony on the BG 
plate. In table 2, the same appearance is presented 
with the 100 million to 1 ratio of coliforms to salmonel- 
lae after the addition of gelatin to tetrathionate. Al- 
bumen is shown to be very similar to gelatin in its 
effect on salmonella recovery percentages, whereas dried 
beef in both tables affects the performance of the en- 
richment broths far less, and egg yolk has almost no 
effect. Since these tables represent composites of dif- 
ferent experiments using different sized inocula and 
different organisms from one food sample to another, 
the data shown are representative of many trials and 
were chosen largely because they exhibit the minimum 
of aberrent recovery percentages. Erratic results are 
more apt to be seen in the area of greatest coliform- 
salmonella inocula ratios, because it was felt that the 
number of salmonellae should be kept minimal in 
order to be truly representative of the actual numbers 
of organisms in food samples. In many experiments, 
therefore, the average salmonella inoculum is as few as 
five organisms, the coliform being adjusted accordingly 
for the ratios desired. 

The import of detection of salmonella at low recovery 
percentages may be better appreciated if it is known 
that both streaked plates and spread plates were com- 
pared in all experiments to visualize the results which 
would be obtained in the routine performance of the 


TABLE 3 


The effect of centrifugation of food samples upon 
salmonella recovery 


Per Cent of Salmonella Colonies Developing on BG Plates 
after Enrichment in Cystine-Selenite F Broth 


tanta Albumen Gelatin Dried beef 
10?:1 63 2 
108:1 43 1 45 | 92 0 32 | 100} 60 | 91 
10*:1 25 0 11 | 32 0 6 83 | 21 
105:1 3 0 2 0 0 0 20 | 14 | 29 
0 0 2 15| 18 | 33 


*C:S = ratio of numbers of coliforms:salmonellae. 

+ A = Control—no food sample added; B = test—10 per 
cent food sample added; C = centrifuged, food sample added, 
centrifuged, and sediment used as inoculum. 


MPN method. We observed that when the levels of 
salmonella recovery were between 5 to 10 per cent on 
the spread plate, their detection on streaked plates was 
uncertain; at levels below 5 per cent, detection was 
unlikely. 

The difference in the results obtainable by the two 
methods accrues largely to the advantages of the spread 
plate technique. We have found that, when as many as 
500 colonies are on a spread plate, the even distribution 
which characterizes the method makes it possible for 
individual colonies to display their distinctive colonial 
attributes on BG plates. One finds but rarely a streaked 
plate on which even 100 colonies are so well distributed, 
indeed, 50 such are considered excellent for the tech- 
nique. The limitations of both techniques are deter- 
mined by the maximum number of colonies which one 
may be able to distinguish upon a plate and recognize 
as single salmonella colonies. The clear superiority of the 
spread plate dictated its choice. The data shown, there- 
fore, are from the more sensitive technique and the 
low recovery percentages all too frequently did not 
result in positive detections in the streaked plates from 
those same samples. 

By both plating methods the deleterious impact 
of the addition of certain food materials was unequiv- 
ucally demonstrated. It was apparent that the diminu- 
tion of salmonella numbers was effected more by the 
kind of food material added than by either the strains 
inoculated or the enrichment broth employed. Other 
authors have noted that in the presence of 20 to 40 
per cent whole egg, Salmonella pullorum was inhibited 
less by selenite F broth (Hurley and Ayers, 1953), and 
that dried albumen diminished the number of S. pul- 
lorum isolations in tetrathionate broth (Schneider, 
1946). 

Inasmuch as the selectivity of salmonella enrich- 
ment broths is measurably impaired by the addition of 
as little as 0.01 per cent of certain foods, it is obviously 
impractical to consider the solution to this problem 
through the use of sufficiently large volumes of media to 
dilute out the effect. A more fruitful approach seemed 
to lie in the separation of the bacteria from the food 
materials, or at least from those components of the 
food which are responsible for decreased efficiency of 
the media. It was found that this could be accomplished 
by centrifugation of suspensions or solutions of the 
food. In initial studies 10 per cent solutions of egg 
albumen were intentionally contaminated with coliform 
organisms. These solutions were then centrifuged and 
the supernatant fluid was assayed for bacteria after 
various periods. As seen in table 4, 99.9 per cent of the 
organisms were removed from the supernatant fluid in 
10 min; virtually all of the bacteria could be found in 
the sediment. 

Experiments were conducted in which the effect of 
separation of the bacteria from the food sample by 
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centrifugation on subsequent enrichment could be 
ascertained. In tables 2 and 3, the percentages of re- 
covered salmonellae at varying inoculum ratios are 
shown in the absence of food sample (column A), in 
the presence of 10 per cent food samples (column B), 
and after removal of the food material by centrifugation 
and incubation of the sediment in the enrichment 
media (column C). It is seen that almost without ex- 
ception the recovery of salmonellae from sedimented 
samples was as good as from control cultures. This 
proves beyond a reasonable doubt that, when food 
materials destroy the selectivity of otherwise highly 
selective enrichment media, sedimented inocula offer 
the means to circumvent that undesirable result. 

As previously noted, the degree to which foods affect 
the efficiency of the media varies with the nature of the 
materials added. Obviously, the effect of centrifugation 
is to separate the water soluble components of the food 
from the bacteria and water insoluble fraction. Refer- 
ence to table 5 confirms the inference that it is, in fact, 
water soluble materials which are most deleterious to 
the efficiency of the enrichment media. Quite expected, 
then, is the observation that the most dramatic effects 
of centrifugations are seen with foods like gelatin and 
egg albumen, and the least with the almost insoluble 
egg yolks. 

The foregoing experiments were conducted in a 
population consisting of only two groups of organisms; 
the ultimate usefulness of centrifugation could be 
determined only empirically. To this end, duplicate 


TABLE 4 


Removal of bacteria from 10 per cent albumen by 
centrifugation at 1100 g 


Gentes Per Cent Bacteria Remaining in Suspension 
fuged 
| II Ill IV Average 
min 
0 100 100 100 100 100 
10 0.005 — 0.2 0.06 0.088 
20 | 0.004 0.07 0.02 0.031 
30 —_ | 0.07 0.06 0.005 0.045 
60 — | 0.002 0.04 0.02 0.021 
TABLE 5 
Removal of nitrogen and sugar from foods 
Per Cent Discarded in Supernatant 
Food* 
Nitrogen Sugar 
Gelatin . 99.9 
| 60.8 85.9 
Egg, 30% sucrose.......... 57.4 86.3 
ried beck... 24.2 


* 10 per cent solutions centrifuged at 1100 g for 10 min. 


aliquots of dried albumen and whole egg samples, many 
of which had shown no salmonellae by conventional 
MPN determinations, were analyzed by routine and 
centrifugation techniques with both enrichment broths. 
The results are shown in table 6. The first five samples 
were 9-tube MPN’s, the remainder were the three 10 
g sample replicates only. For the purpose of statistical 
analysis MPN conversions were not made, but the 
total number of positive Salmonella isolations was 
tabulated and subjected to Chi-square analysis using a 
4-fold table including Yate’s correction. The Chi- 
square value obtained, 10.463, indicated that the 
probability of the difference between 20/126 and 47/126 
occurring through chance alone was less than 1 per 
cent. Analysis of the difference observed between the 
responses of tetrathionate and selenite yielded a Chi- 
square value of 0.123, with a probability greater than 
70 per cent that those observations were due to chance. 
We conclude, therefore, that both enrichment broths 
are affected by the food adulterant to approximately 
the same degree. 

It has been shown, in the analysis of food products 
for salmonellae, that, when the expected levels of con- 
tamination necessitate the examination of relatively 
large amounts of food material, the loss of selectivity 
of the enrichment media will frequently result in failure 
to isolate salmonellae when they are, in fact, present. 
This should be anticipated if one examines the basic 
principles underlying the application of the enrichment 
techniques. An enrichment broth constitutes, essenti- 
ally, an attempt to create an environment which favors 
the growth of one particular group of organisms to the 
exclusion of other types which may or may not be 
closely related. Consider the effect of adding 10 per 
cent food solids to what is in essence a 2.3 per cent 


TABLE 6 


The effect of centrifugation of albumen and egg samples 
upon the number of salmonella isolations 


Cystine-Selenite F Broth Tetrathionate Broth 
Sample 
Control Centrifuged Control | Centrifuged 
Albumen 76 0/9* | 4/9 | 0/9 3/9 
68 1/9 ) 5/9 | 1/9 4/9 
60 29 | 3/9 0/9 2/9 
6la 0/9 | 0/9 0/9 1/9 
79 7/9 69 | 4/9 4/9 
20 0/3 2/3 3/3 3/3 
21 1/3 1/3 0/3 3/3 
42 0/3 1/3 0/3 0/3 
49 1/3 1/3 0/3 0/3 
19 2/3 1/3 | 1 2/3 
Whole egg 0/3 1/3 0/3 0/3 
reference 
11/63 | 25/63 9/63 22/63 
(22.2%) | (39.7%) (14.38%) | (34.9%) 


* Number Salmonella positive/total number. 
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broth (selenite) or a 4.6 per cent solution (tetrathio- 
nate) and it ceases to be a source of wonderment that 
the performance of these broths are affected. Centri- 
fugation is a means by which the bacteria may be freed 
of the food adulterant. It is by no means the only 
possible way of securing freedom from the loss of en- 
richment performance; we are investigating other 
means. But in a larger sense these phenomena point up 
a fundamental principle involved, to wit: the adapta- 
tion of a method borrowed from one discipline for use 
in another without consideration of the method’s intent 
cannot be made. The failure of the enrichment method 
in the regimen of the food analyst is so abject, however, 
that it leads us to suspect that even in the clinical 
laboratory it may have shortcomings which are not 
fully recognized. The detection of intermittent carriers, 
for example, might be enhanced if large fecal samples 
were centrifuged and resuspended in adequate amounts 
of enrichment media. We know of many laboratories 
that use greater than 10 per cent inocula of fecal ma- 
terial for enrichment purposes. The effect of adding 
blood to enrichment broths is a severely debilitating 
factor in enrichment broth performance; lysing the 
red cells by the addition of distilled water, centrifug- 
ing, and suspending the sediment is a possible im- 
provement. 

In the food and dairy laboratories, the methods 
borrowed from water analysis are equally abused. In 
brilliant green bile lactose broth used for coliform 
analyses, one is expected to discern the fermentation 
of 1 per cent lactose in the presence of ice cream, orange 
juice, and similar products which often superimpose 
1 to 2 per cent sucrose concentrations in the fermenta- 
tion tube. Many of these situations are amenable to 
centrifugation techniques. In these instances, re-evalua- 
tion of intent and applicability of analytical methods 
is not merely profitable but necessary if one is to dis- 
abuse himself of the faulty information which he may 
obtain. 


SUMMARY 


Neither overwhelming numbers of coliform organisms 
nor an unfavorable imbalance in the ratio of coliforms 
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to salmonellae materially affected the selectivity of 
selenite or tetrathionate enrichment broths for sal- 
monellae. 

The performance of these broths were, however, 
greatly diminished by the addition of many kinds of 
food materials; gelatin and albumen caused the most 
striking diminution of salmonella recoveries; egg yolk, 
the least. 

Separation of the bacteria from the soluble food 
material by centrifugation proved to be an effective 
means of restoring the function of enrichment media. 

The degree to which the selectivity of enrichment 
broths was altered was shown to be directly propor- 
tional to the amount of soluble material in the sample 
and was in no manner influenced by either the strains 
of organisms employed or the differences between the 
enrichment broths. 

The use of centrifugation in the analysis of naturally 
contaminated albumen and whole egg samples demon- 
strated a statistically significant ability to detect low 
levels of salmonella contamination hitherto undetect- 
able. 
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From time to time, large volumes of bacteria may be 
required for purposes such as the isolation and identifi- 
cation of cellular components of metabolic products. 
Frequently a large quantity of one particular lot of 
cells is necessary so that enough replicates of an experi- 
ment may be performed to ensure a statistically valid 
result. or many reasons, replicate experiments may 
extend over considerable time, and therefore the 
stability of organisms becomes an important considera- 
tion in planning research problems. Reports on the 
survival of Serratia marcescens have been concerned 
either with the ability of stock cultures to yield viable 
subcultures after years of storage (Deacon, 1932) or 
with the quantitative recovery of dried cells (Rahn, 
1945; Naylor and Smith, 1946). A search of the litera- 
ture revealed no reports on the quantitative recovery 
of vegetative bacterial cells stored in an untreated con- 
dition. Such data on the quantitative recovery of S. 
marcescens stored as concentrates and as suspensions in 
several types of diluents were acquired as part of an 
experimental program not primarily concerned with 
storage of vegetative cells. The observations on the 
storage problems are presented to serve as a guide 
for those who have reason to store cells for experi- 
mental purposes and to stimulate the interest of other 
investigators in the problem. 


MATERIALS AND METHODS 


Culture. Serratia marcescens, strain 8 UK, was used. 
Cultures were grown in Bacto tryptose broth with and 
without Antifoam A Emulsion! (in a concentration of 1 
part per 1000) and in trypticase soy broth? as follows: 
Two nutrient agar slants were inoculated from a stock 
culture and incubated for 24 hr at 30 C. The growth 
was washed from the slants with roughly 5 ml of 
tryptose saline (0.1 per cent Bacto tryptose and 0.5 
per cent CP sodium chloride) per slant, and the result- 
ing cell suspension was added to 600 ml of medium in 
a 2-L Fernbach flask. The flask was placed on a re- 
ciprocating shaker (sixty-eight 414 in. strokes per min) 
and incubated at 30 C for 24 hr. The resulting culture 
was used as inoculum (1 per cent) for 24 two-L Fern- 


'Dow-Corning Corp., Midland, Michigan. 
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bach flasks, each containing 600 ml of medium. These 
flasks were incubated as the inoculum flask had been. 
The average viable cell population of the cultures was 
approximately 1 x 10!° cells per ml. The method of 
preparing the inoculum and cultures has been given in 
detail, because it was found that more than one inter- 
mediate broth culture between the slant and the final 
culture resulted in a considerably decreased viable 
cell population. 

Cell preparation. The set of cultures containing the 
Antifoam A Emulsion was filtered through sterile 
gauze, as it was pooled, to remove the clumps of anti- 
foam. Cultures containing no antifoam from sets of 
24 Fernbach flasks were pooled without filtration. 
The pooled cultures were concentrated approximately 
100-fold in a Sharples Supercentrifuge* at 40,000 rpm. 
The cell concentrate was scraped from the centrifuge 
bow] with a sterile spatula and put into a sterile 8-ounce 
wide-mouth glass bottle which was then closed with a 
tin-foil covered rubber stopper. The average viable 
cell population of the concentrates was 1.05 x 10” 
cells per g, and the average total solids content was 
24 per cent. 

Cell suspensions were prepared by mixing concen- 
trate and diluent in a ratio of 1 g to 1 ml. The solutions 
used for suspending the cells were (a) 10 per cent Bacto 
skim milk, (b) 2 per cent Bacto tryptose, (¢) equal 
parts of (a) and (b), (d) 2 per cent Bacto tryptose plus 
2 per cent Bacto gelatin, (e) trypticase soy broth, and 
(f) 0.2 per cent Bacto gelatin plus 1 per cent NasHPO,- 
12H.0 (gel phosphate diluent). Suspensions were pre- 
pared when the concentrate had been stored at 5 C for 
0, 14, and 28 days. Hereafter, these suspensions will 
be referred to as 0-day, 14-day, and 28-day suspensions. 
All concentrates and suspensions were stored at 5 C 
for 91 days in the sterile 8-ounce glass bottles closed 
with tin-foil covered rubber stoppers. Duplicate viable 
cell estimates were made at weekly intervals. 

In one experiment, suspensions were prepared from 
0-day- and 14-day-old concentrate, and to portions of 
these suspensions a 2 g amount of 7-day-old concentrate 
was added at 14-day intervals during the storage 
period. Five different lots of concentrate were used to 


3 Sharples Corp., Philadelphia, Pennsylvania. 
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make the additions, but the lots were prepared as 
uniformly as possible. 

Efforts were made to standardize the handling of 
materials and to maintain as uniform conditions as 
possible. All handling of concentrates, including scrap- 
ing from the centrifuge bowl, weighing, and mixing 
with diluents was performed by the same personnel 
throughout the course of the work. 

Assay procedure. Duplicate 1-ml samples of cell 
suspension were measured into 99 ml of tryptose saline. 
Duplicate 1 g samples of concentrate were thoroughly 
mixed with approximately 10 ml of tryptose saline, 
then further diluted to 100 ml. The cells and diluent 
were shaken thoroughly and further 100-fold and 10- 
fold dilutions were prepared so that the three highest 
dilutions were expected to contain from 1000 to 3000 
cells per ml. One-tenth ml volumes of the three dilu- 
tions were spread evenly over the entire surface of 
nutrient agar plate with a sterile glass spreader. The 
plates were dried in an upright position, then inverted 
and incubated at 30 C for 18 to 24 hr. 


Resutts AND Discussion 


Viable recoveries of Serratia marcescens stored in the 
various diluents are shown in table 1. Although the 
suspensions were assayed weekly, only biweekly results 
are reported because the recoveries decreased uniformly. 
The greatest recovery after 91 days of storage at 5 C 
was obtained when the cells were suspended in gel 
phosphate diluent. Therefore, this diluent was used in 
the comparisons of viable cell recovery from stored 
concentrates and suspensions. 

Almost identical storage results were obtained for 
concentrates prepared from three different tryptose 
broth cultures and for their corresponding 0-, 14-, and 
28-day suspensions. Averages for the viable cell popu- 
lations from the three replicate experiments are shown 
in figure 1. Viable cell recovery after storage for 91 


TABLE 1 
Recovery of viable cells of Serratia marcescens 
suspended in various diluents and 
stored at 5 C 


Time of Assay, Days 
Diluent Cell 


perml | 7 | a | 3s | 49 | os | | 


Per cent 
1.1/0.11/0.009/0.001 
|0.002 
.3|34.6| 5.0)0.47|0.28 |0.034 


Skim milk, 10% | 59.7 
Tryptose, 2% 59.0 
Skim milk, 5% +) 56.3 
tryptose, 1% 
Tryptose, 2% + | 57.0 | 80.1/74.2/51.5)10.2)1.05/0.56 |0.054 
gelatin, 2% 
Trypticase soy 53.5 |0.006 
broth 
Gel phosphate 66.4 | 94.4 70.6)57.9 42.4/9.54/1.56 |0.170 
J 
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days was higher from all three cell suspensions than 
from the concentrate, with the greatest recovery from 
the 14-day suspension. Viable cell recoveries from 
suspensions prepared at 0 days, 14 days, and 28 days 
were 18-, 100-, and 35-fold higher, respectively, than 
those from the concentrate. It must be noted that the 
viable cell populations of the suspensions at the time 
of their preparation were approximately one-half the 
viable cell populations of the concentrate at the same 
time period. Thus, while the number of viable cells 
present after 91 days of storage in the 14-day suspen- 
sion represents only 26.6 per cent of the viable cells in 
the concentrate at 0 days of storage, it represents 76 
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Figure 1. Viable cell populations of concentrates and sus- 
pensions of Serratia marcescens stored at 5 C. Each point repre- 
sents the mean of three cultures assayed in duplicate. 


TABLE 2 


Viable cell populations of concentrates and suspensions 
of Serratia marcescens after storage of the cencentrate 
for 91 days at § C 


0-Day 14-Da: 28-Da 
Culture Media |Concentrate* Suspension Suspension 


Tryptose broth'2.8 X 104.9 X 1027.2 10'9.8 Xx 10" 
Tryptose broth/6.8 X 1055.5 X 10!°910.9 101° t 
+ Antifoam 
A 
Trypticase soy |5.0 X 1053.6 X 10°| 9.2 X 10 t 
broth 


* Average viable count of the fresh concentrates was 1 X 
10"? cells per g. 
+ No suspension prepared. 


| 19 
pe 
wl 
ay 
pe 
of 
ar 
of 
re 
al 
ce 
ta 
in 
st 
bs 1- 
st 
re 
p 
el 
0 
b 
p 
it 
t 
t 
14 26 42 56 70 84 
| | 
4 


in 


1958] SURVIVAL OF S. MARCESCENS STORED AT 5 C 235 


per cent of the viable cells present in the suspension 
when it was prepared. 

Recoveries of viable cells from stored concentrates 
and suspensions of tryptose broth cultures were com- 
pared to the recoveries from corresponding preparations 
of cultures grown in tryptose broth plus Antifoam A 
and in trypticase soy broth. The viable cell populations 
of preparations from the two media, when plotted, 
resulted in curves almost identical to those in figure 1 
and for this reason are not presented here. The viable 
cell populations at 91 days of storage are shown in 
table 2. The differences due to media were quantitative 
in nature; qualitatively, the suspensions had greater 
stability during storage than did the concentrates, and 
14-day suspensions had greater stability than did 0-day 
suspensions. 

One further comparison was made. The viable cell 
recoveries from concentrate and suspensions were com- 
pared with those from suspensions to which 7-day-old 
concentrate was added during the storage period. It 
was found that addition of 7-day-old concentrate had no 
effect on the stability during storage of any suspension 
other than to increase the population of the suspension 
by the number of viable cells added. At 91 days of 
storage, the relationship between concentrate and sus- 
pensions prepared from it was the same as that shown 
in figure 1. 

From the limited work completed, a valid explana- 
tion of the results cannot be given. One might speculate 
that the factors responsible for the superior storage 
stability of suspensions made from 14-day-old concen- 


trate were related to aerobiosis, buffer capacity, or 
nutrient content of the diluting fluids. If this were 
true, suspensions prepared from fresh concentrate 
should store as well as or better than suspensions pre- 
pared from a concentrate which had been stored for 14 
days and had already lost 27.2 per cent of its viable 
cells. However, this was not true under the conditions 
of these experiments. 
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SUMMARY 


Quantitative recoveries of Serratia marcescens stored 
at 5 C as concentrates and as suspensions are reported. 
After 91 days storage of the concentrate, viable re- 
coveries were higher from the suspensions prepared 
from concentrate stored 0, 14, and 28 days than from 
the concentrate itself; the greatest recovery was ob- 
tained from the 14-day suspension. The factors re- 
sponsible for the superior storage stability of the 14-day 
suspensions are not known. 


REFERENCES 


Deacon, W. E. 1932 An observation on the longevity of 
Serratia marcescens (B. prodigiosus). Science, 76, 274. 

Naytor, H. B. anp Smiru, P. A. 1946 Factors affecting the 
viability of Serratia marcescens during dehydration and 
storage. J. Bacteriol., 52, 565-573. 

Raun, O. 1945 Physical methods of sterilization of micro- 
organisms. Bacterial. Revs., 9, 1-47. 


6 
m 
in 
1€ 
ne 
1e 
Is 
n- 
In 
us- 
on 
10" 
1X 


The Role of Nutrition in the Synthesis of Actinomycin’ 


Katz, Prenta, A. Sivak 


Institute of Microbiology, Rutgers, The State University, New Brunswick, New Jersey 


Received for publication November 27, 1957 


Actinomycin, an antibiotic first isolated from a cul- 
ture of Streptomyces antibioticus by Waksman and 
Woodruff (1940), has since been obtained from fer- 
mentations with a number of Streptomyces species. 
Because of certain differences in the properties of some 
of the actinomycin products, a series of designations, 
A, B, C, D, I, J, and X, have been employed to classify 
them. Each of these substances actually consists of a 
mixture of closely related biologically active com- 
ponents, (Brockmann and Gréne, 1954; Roussos and 
Vining, 1956; Pugh ef al., 1956). Moreover, the actino- 
mycin A, B, D, and X complexes may be composed of 
identical components differing solely in the relative 
amount of each component present (Roussos and 
Vining, 1956). 

Structural studies have revealed that the actinomy- 
cin molecule consists of two polypeptides linked to 
a chromophoric moiety, 2-aminophenoxazine-3-one, 
which is probably the same for all components (Brock- 
mann ef al., 1956; Brockmann and Vohwinkel, 1956; 
Bullock and Johnson, 1957). It has been suggested 
that actinomycin is produced through an oxidative 
condensation of two molecules of the 3-hydroxy-4- 
methyl anthranilic peptide (Johnson, 1956). 

The peptides of a given actinomycin may or may not 
be identical. Further, differences in the components of 
an actinomycin mixture or of different mixtures are 
probably due to variations in the number, arrangement, 
and kinds of amino acids present in the peptides. For 
example, actinomycin contains b-valine, whereas 
p-alloisoleucine replaces this amino acid in actinomycin 
C; (Brockmann ef al., 1956; Bullock and Johnson, 1957). 

While the chemical nature of certain members of this 
family of antibiotics has been revealed, almost nothing 
is known of the mechanism of their biosynthesis. The 
need for a chemically defined medium to facilitate such 
studies has led to an investigation of the nutrition of 
an actinomycin-producing organism, S. antibioticus 
3720. The data obtained in such a study are presented 
in this paper. 


EXPERIMENTAL METHODS 


Preparation of inoculum. One ml quantities of a 
spore suspension of S. antibioticus 3720, previously 


1 This investigation was supported by a research grant from 
The United States Public Health Service and by funds supplied 
by Rutgers Research and Educational Foundation. 
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maintained on agar slants of a galactose-glutamic acid- 
mineral salts medium, were inoculated into 250-ml 
Erlenmeyer flasks containing 100 ml amounts of a 
soya peptone-glucose medium. After incubation on a 
rotary shaker at 28 C for 2 days, the cellular growth was 
harvested by centrifugation (10 min at 1500 rpm), 
washed twice with and finally suspended in 100 ml of 
sterile physiological saline. One ml of this suspension 
served as inoculum for each flask of experimental media. 
These flasks were then incubated on a rotary shaker 
at 28 C. 

Medium for growth of inoculum. Soya peptone, 20 g; 
glucose, 10 g; tap water, 1000 ml; at pH, 7.4 to 7.6. 

Basal medium for nutritional studies. KxHPO,, 1.0 g; 
MgS0O,-7H.0, 0.025 g; ZnSO.-7H2O, 0.025 g; l’eSO,- 
7H.O, 0.025 g; CaCl.-2H.O, 0.025 g; distilled water, 
1000 ml; at pH, 7.2 to 7.4. 

One-hundred-ml amounts of medium were dis- 
tributed in 250-ml Erlenmeyer flasks and sterilized. 
The carbon source, unless specified, was_ sterilized 
separately and added just prior to inoculation; the 
nitrogen source always was included with the basal 
medium. 

Determination of actinomycin potency. Determination 
of the potency of culture filtrates was carried out by a 
paper-dise method of bioassay developed for actinomy- 
cin (Goss and Katz, 1957). Three ml samples collected 
at varying time intervals from each of three flasks of an 
experimental medium were pooled and filtered prior to 
estimation of their antibiotic titer. 

Determination of mycelium dry weight. When a com- 
parison was made of the utilization of glucose and 
galactose for actinomycin synthesis, three flasks of 
each medium were removed at daily intervals for the 
collection of mycelium. This was accomplished by 
means of suction filtration on a Buchner funnel through 
dried and tared Whatman no. 2 paper discs (5.5 cm). 
Both the mycelium and discs were then dried at 90 
to 100 C for at least 24 hr before final weighing. 

Sugar determination. The procedure of Folin and 
Malmros (1929) was employed for the determination 
of residual glucose or galactose present in the medium. 

Determination of percentages of components in an 
actinomycin complex. After the study of various L- 
amino acids as nitrogen sources, the actinomycin 
produced in each case was extracted from the medium 
and mycelium with butanol. Distillation in vacuo re- 
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moved the butanol, and the actinomycin residue was 
then dissolved in a small volume of acetone. 

Separation of the components in an actinomycin 
complex was accomplished by means of a modification 
of the circular paper chromatographic technique of 
Roussos and Vining (1956). A filter paper dise (What- 
man no. 1, 32 em diameter) was impregnated by dip- 
ping it in the aqueous phase of the solvent system, 
di-n-buty! ether-S-tetrachloroethane-10 per cent aqueous 
sodium ortho-cresotinate (3:1:4), and excess moisture 
was removed between fresh filter paper. The actino- 
mycin samples were applied in acetone solution from a 
capillary pipette to segments of a small circle drawn 
around the center of the filter paper where a thin cot- 
ton wick was attached. The paper was placed upon an 
open desiccator (29 em diameter), which contained the 
organic phase of the solvent system in a convenient 
well, and covered with the top of the desiccator. The 
chromatogram was allowed to develop (12 to 18 hr) 
until the outer actinomycin zone approached the glass 
rim. With this system it was possible to separate an 
actinomycin complex into several distinct components. 
Determination of the percentages of components in an 
actinomycin complex was carried out by the method 
of Goss and Katz (1957). 


RESULTS 


Carbon sources. (1) Carbohydrates. The medium 
employed for testing carbohydrates as carbon sources 
contained 0.2 per cent glutamic acid and the basal 
mineral salts. Carbohydrates were added to the medium 
at a 1 per cent level. The results of this experiment are 
presented in table 1. 


TABLE 1 


Effect of single carbohydrates as carbon sources on 
actinomycin production 


Carbohydrate 
1% ug/ ml 
86 


Only p-galactose proved to be excellent for actino- 
mycin formation; most of the remaining carbohydrates 
were found quite poor in this respect. It was observed, 
however, that the majority of these compounds sup- 
ported abundant cellular growth of S. antibioticus. It 
was reasoned, therefore, that these sugars might be 
consumed so rapidly for the production of cell material 
that little would be available as carbon and energy 
source for actinomycin synthesis. Galactose, on the 
other hand, might be utilized less rapidly and, there- 
fore, would be available for actinomycin production. 

To test this hypothesis, the following experiment was 
performed: A series of flasks containing 0.2 per cent 
L-glutamic acid plus the basal mineral salts were 
treated so that one-half received 1 per cent glucose 
and the other half 1 per cent galactose. The flasks 
were inoculated with cells of S. antibiolicus 3720 and 
incubated as previously described. Aliquots were re- 
moved daily for determination of mycelial dry weight 
residual sugar, and antibiotic titer. 

It was observed (figure 1) that both glucose utiliza- 
tion and production of mycelium were rapid. After 
incubation for 6 days, lysis of the culture had begun; 
this was correlated with a near exhaustion of glucose 
in the medium. Actinomycin production did not occur 
until the 6th day and a final titer of only 27 ug per ml 
was attained. On the other hand, the consumption of 
galactose and the growth of mycelium proceeded at a 
much slower rate (figure 2). Actinomycin synthesis 
began on the second day and reached a final level of 
136 wg per ml. 
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Figure 1. Utilization of glucose by Streptomyces antibioticus 
3720 for growth and actinomycin production. The A——A 
line represents mycelial dry weight in mg per 100 ml of culture 
medium; the X——X< line represents the percentage of residual 
glucose and the O——O line, the actinomycin titer in ug per ml 
of culture medium. 
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(2) Alcohols and sugar alcohols. The data of studies 
on the utilization of alcohols and sugar alcohols as 
carbon sources are given in table 2. The results show 
that only the use of inositol resulted in substantial 
actinomycin production (95 wg per ml). All other 
alcohols and sugar alcohols were unsuitable for its 
synthesis. 

(3) Organic acids. Dulaney (1949) has reported that 
organic acids are poor carbon sources for streptomycin 
production when used alone. Saunders and Sylvester 
(1947), Hubbard and Thornberry (1950), and O’Brien 
et al. (1952) found that the use of a combination of 
glucose plus the sodium salt of an organic acid produced 
streptomycin yields greater than those obtained when 
either of these compounds was added singly. 
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Figure 2. Utilization of galactose by Streptomyces anti 
bioticus 3720 for growth and actinomycin production. The 
A——A line represents mycelial dry weight in mg per 100 ml 
of culture medium, the X—— line represents the percentage 
of residual galactose and the O——O line, the actinomycin 
titer in wg per ml of culture medium. 


TABLE 2 


Influence of alcohols and sugar alcohols as carbon 
sources for actinomycin production 


Alcohols and Sugar Alcohols aw cin 
1% ug/ml 
Galactose (control)...................... | 120 


An experiment was performed to determine what 
effect certain organic acids alone or in combination 
with galactose might have on actinomycin production. 
The results shown in table 3 reveal that the organic 
acids as sole carbon source were totally unsuitable 
for actinomycin production either at the 0.5 or 1 per 
cent level. When supplied at a 0.5 per cent level in 
combination with 1 per cent galactose, the organic 
acids, with the exception of citrate and lactate, de- 
pressed actinomycin synthesis. 

Nitrogen sources. The medium consisted of the basal 
mineral salts plus 1 per cent galactose. Inorganic 
nitrogen compounds were tested at a 0.1 per cent level; 
amino acids were employed at a concentration which 
would contain 190 mg alpha-nitrogen per L. 

The results obtained revealed that both potassium 
and sodium nitrate (90 to 100 ug per ml) and sodium 
nitrite (86 wg per ml) were good sources for actinomy- 
cin production, whereas ammonia-nitrogen as the 
nitrate, chloride, sulfate, or phosphate was unfavor- 
able (0 to 10 wg per ml). 

Data presented in table 4 show that many of the 
L-amino acids were excellent sources of nitrogen for 
actinomycin production. When alanine, 8-alinine, aspar- 
tie acid, citrulline, glutamic acid, serine, or valine was 
employed, yields of 100 ug per ml or better were ob- 
tained. 

A number of p-amino acids were also tested as nitro- 
gen sources for actinomycin production. These were 


TABLE 3 
Influence of sodium salts of organic acids on actinomycin 
production 
Carbon Source Maximum Actinomycin 
% pg/ml 
Galactose, 1.0 + Na formate, 0.5........ 21 
Galactose, 1.0 + Na acetate, 0.5......... 47 
Galactose, 1.0 + Na propionate, 0.5..... 26 
Galactose, 1.0 + Na butyrate, 0.5....... 47 
Galactose, 1.0 + Na pyruvate, 0.5....... 62 
Galactose, 1.0 + Na lactate, 0.5......... 126 
Galactose, 1.0 + Na succinate, 0.5...... 23 
Galactose, 1.0 + Na malate, 0.5......... 1 
Galactose, 1.0 + Na fumarate, 0.5....... 2 
Galactose, 1.0 + Na citrate, 0.5......... 116 
Galactose (control) 1.0.................. 119 


* At the 0.5 per cent level these compounds were equally 
poor as carbon sources. 
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found to be uniformly poor; production did not begin 
until after 10 to 14 days and actinomycin yields of 20 
to 40 wg per ml were obtained only with p-histidine 
and b-asparagine. 

Since the use of L-glutamic acid consistently resulted 
in actinomycin yields equal to or better than those ob- 
tained with any of the other amino acids tested, this 
amino acid was employed as the nitrogen source in 
subsequent investigations. It was also determined that 
when glutamic acid was employed at a 0.2 per cent 
level, actinomycin production attained its maximum 
titer (120 to 140 ug per ml); a 0.1 per cent or 0.3 per 
cent concentration decreased yields by approximately 
50 per cent. 

Influence of nitrogen source on the composition of an 
actinomycin complex. Previous studies have shown that. 
the composition of an actinomycin complex depended 
to a considerable extent on the nitrogen source sup- 
plied the producing organism (Brockmann ef al., 1953; 
Goss and Katz, 1957). However, relatively few nitrog- 
enous compounds had been employed in these investi- 


TABLE 4 
Utilization of amino acids for actinomycin production 


Maxi- 
Acti. 
cti- 
Amino Acid nomy- | 
cin Va,B\ Vy 
Assay 


Actinomycin Components, Per Cent 


pg/ml 
L-Alanine 
6-Alanine 
L-Arginine HCl 
L-Asparagine 
L-Aspartic acid 
L-Citrulline 
t-Cysteine HCl 
L-Cystine 
L-Glutamie acid 
L-Glutamine 
Glycine 
L-Histidine 
L-Isoleucine 
L-Leucine 
L-Lysine 
L-Methionine 
L-Ornithine 
L-Phenylalanine 
L-Hydroxyproline 
L-Proline .2| 9.4 
Sarcosine 
L-Serine : .3 (12.5 
L-Threonine .8 |25.6 
L-Tryptophan = 
L-Tyrosine — 
L-Valine 118 /|10.2 | 6. 31.0 


Employing a modification of the circular paper chromato- 
graphic technique of Roussos and Vining (1956) it was gen- 
erally possible to separate the actinomycin complex produced 
by S. antibioticus 3720 into actinomycin components I, II 
and III, [IV and V. Component V further separated into three 
fractions designated Va, 8, and +. 


gations. In connection with the study of various amino 
acids as nitrogen sources for S. antibioticus 3720 a 
more extensive investigation of this phenomenon was 
carried out. The data presented in table 4 clearly 
demonstrate that the nitrogen source supplied an 
organism had a marked influence on the quantitative 
nature of the actinomycin complex produced. 

Mineral requirements. The major elements, potassium, 
phosphorus as phosphate, magnesium, and sulfur as 
sulfate, were found essential for growth and actino- 
mycin formation by S. antibioticus 3720. This was 
determined by an experiment in which suitable cation 
and anion substitutions were made in the basal medium. 
Thus NH, or Na* replaced K+ or Mg++ and Cl- 
or substituted for SO.= or 

To determine the optimum level of dibasic potassium 
phosphate for actinomycin production, various concen- 
trations (0 to 5 g per I.) were tested. Production of 
actinomycin reached maximum levels (125 to 150 
ug per ml) over a wide concentration range of KzHPO, 
(0.25 to 3 g per L). Thus the level of K2HPO, previ- 
ously employed (1 g per L) was maintained in further 
studies. 

The effect of the magnesium sulfate concentration 
(0 to 5.0 g per L) on actinomycin formation was also 
examined. A level of 0.025 g per L MgSO,-7H:.O was 
found to be optimum (table 5). Since a wide concentra- 
tion range of sulfate-sulfur can support good growth 
and actinomycin production, the effect observed was 
due to the concentration of Mgt* ions present in the 
medium. 

To determine the requirement of S. antibioticus 3720 
fer certain trace metals for actinomycin production, 
combinations of zine, iron, and calcium as their sulfates 
were incorporated into the basal medium at 0, 0.1, 0.5, 
1, 3, 5, and 10 ppm each. The concentration of these 
three metals in the basal medium served as control. 
Maximum yields of actinomycin (141 yg per ml) oc- 
curred when a combination of zinc, iron and calcium 
at 5.0 ppm each was employed. More extensive in- 
vestigations are in progress to elucidate the role of 
trace metals for actinomycin formation and growth of 
this organism. 


TABLE 5 


The effect of magnesium sulfate concentration on 
actinomycin production 


MgSO.-7H20 


ug/ml 
0 
80 
152 
74 
0 
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20.1 
112.5 
14.8 
25.9 
| 
26.1 
125.3 
116.3 
27.3 
18.5 = 
g/L | “ppm 
: 0.000 0.000 
0.010 0.95 
0.025 2.4 | 
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DIscUSSION 


If production of an antiobiotic is due to de novo 
synthesis rather than the result of lysis and enzymatic 
breakdown of certain cellular constituents, an essential 
requirement for such synthesis would be an adequate 
energy supply during the production period. One would 
expect that a carbon and energy source which had 
been completely utilized during growth would prove 
unsatisfactory for subsequent antibiotic production; 
conversely, a compound which is only partly consumed 
during cell growth should be much more suitable for 
antibiotic formation. In the case of penicillin synthesis, 
for example, lactose was found to be more suitable than 
glucose because its utilization by Penicillium chrysog- 
enum was much slower than that of glucose during 
the phases of growth and antibiotic production (Kof- 
fler et al., 1945; Jarvis and Johnson, 1947). Lactose, 
in the case of penicillin synthesis, and galactose, in the 
case of actinomycin formation, were found suitable 
carbohydrates because of their ability to serve the 
needs of both cellular growth and antibiotic production. 

Brockmann ef al. (1953) and Brockmann and Pfennig 
(1953) first observed that the nitrogen source supplied 
an actinomycin-producing organism quantitatively in- 
fluenced the synthesis of the components in an 
actinomycin mixture. Goss ef al. (1956) and Goss and 
Katz (1957) determined that variation in the composi- 
tion of the actinomycin A, B, and C mixtures occurred 
frequently as a result of the use of different nitrogen 
sources for growth of certain actinomycin-producing 
organisms. They further noted that major as well as 
minor changes in the amount of a given component 
synthesized could occur under these conditions. Re- 
cently, Schmidt-Kastner (1956) has reported that new 
biosynthetic actinomycins could be produced when 
certain amino acids were added to growing cultures of 
an actinomycin producing organism. Our present data 
fully substantiate the results previously reported. De- 
pending on the nitrogen source supplied to S. anti- 
bioticus, considerable variation in the percentage of 
every component in the actinomycin complex occurred. 

The manner in which a nitrogen source influences the 
quantitative formation of the actinomycin components 
is unknown at the present time. It is not possible to 
say whether the effect is a direct one, that is, influenc- 
ing actinomycin peptide synthesis, or an indirect one, 
by affecting the amino acid metabolism of the organism 
generally. Very little work has been done either on the 
amino acid metabolism of S. anfibioticus or the bio- 
synthesis of the actinomycins. An answer to the problem 
of how these two processes are related must await a 
greater knowledge of both. 
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investigation. 
SUMMARY 


An investigation of the nutritional requirements of 
Streptomyces antibioticus 3720 for actinomycin produc- 
tion revealed that p-galactose was the best carbon 
source. Nitrate, nitrite, and many amino acids were 
found to be superior nitrogen sources. It was also shown 
that the nitrogen source supplied an actinomycin- 
producing organism markedly influenced the relative 
percentage of the components synthesized in an actino- 
mycin mixture. Potassium, magnesium, sulfate-sulfur, 
and phosphate phosphorus were essential for growth 
and actinomycin production. In addition, zinc, iron, 
and calcium at 5 ppm each were also observed to be 
most satisfactory for actinomycin synthesis. 
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The fluorescent water-soluble pigment complex pro- 
duced by pseudomonads has been variously called 
“bacterial fluorescein” or ‘‘fluorescin.”” These terms 
are unfortunate for they are synonymous with re- 
sorcinolphthalein and resorcinolphthalin, respectively 
(Merck Index, 1952). The bacterial pigment is not re- 
lated to either of these compounds. However, the term 
“pyoverdine,” suggested by Turfreijer (1941), spe- 
cifically identifies the bacterial pigment complex and 
will be used here. 

Pyoverdine has interested bacteriologists for years, 
but few intensive studies have been made on it. Some 
investigators have studied media for maximum pig- 
ment production. This work was adequately reviewed 
by Seleen and Stark (1943) except for the important 
contribution of Sullivan (1905), who was the first to 
describe a simple synthetic medium composed of 
asparagine, magnesium sulfate, and potassium hydrogen 
phosphate. King ef al. (1948), Baghdiantz (1952), and 
Totter and Moseley (1953) studied the stimulation of pig- 
ment production by added minerals. King ef al. (1954) 
described simple solid media. 

No one has yet determined the exact chemical nature 
of pyoverdine or its fractions, nor has anyone yet suc- 
ceeded in crystallizing it. Various authors have used 
activated carbon to remove it from aqueous solution. 
When thus adsorbed it can be eluted with aqueous 
acetone or alcohol (Giral, 1936; Turfitt, 1937; Tur- 
freijer, 1941). Turfreijer succeeded in separating four 
fractions based on solubilities of phosphotungstic acid 
precipitates, and described many properties of these 
fractions. Empirical formulae suggested by Turfitt 
(1937), Turfreijer et al. (1938), and Bonde et al. (1957) 
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were probably determined on mixtures, and therefore 
not valid. Giral (1936), Chodat (1951), and Naves 
(1955) all claim to have separated blue and yellow frac- 
tions by chromatographic means. Giral (1936) con- 
sidered pyoverdine to be a lyochrome or a pterine. 
Birkhofer and Birkhofer (1948) reported that it was 
composed in part of riboflavin. 

Giral (1936) found pyoverdine to be soluble in water, 
formic acid, aqueous alcohol, aqueous acetone, and 90 
per cent pyridine. Turfitt (1937) found it was also 
soluble in phenol and acetic acid. Giral (1936), Turfitt 
(1937), and Turfreijer (1941) have presented absorp- 
tion spectra of pyoverdine in various reagents. Meader 
et al. (1925) described the indicator characteristics of 
pyoverdine, and Giral (1936) described the effect of a 
large number of reagents on its appearance. He stated 
that air favored its production, but that light had the 
opposite effect. 

The object of the present study was to obtain enough 
information about the properties of pyoverdine to form 
a basis for determining it in frozen whole egg. The 
resultant method is described in the second paper of 
this series (Elliott, 1958). 


EXPERIMENTAL 


Equipment and materials. The Pseudomonas ovalis 
and Pseudomonas fluorescens cultures used in the ex- 
periments had been isolated earlier from fluorescent 
eggs (Elliott, 1954) and identified by the method of 
Haynes (1953). These cultures have been deposited at 
the Northern Utilization Research Branch, Agricul- 
tural Research Service, U. S. Department of Agricul- 
ture, Peoria, Illinois, and have been numbered B1595 
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and B1613, respectively. Asparagine broth for the 
production of pyoverdine consisted of asparagine, 0.1 
per cent; MgSO,-7H2O, 0.05 per cent; and KsHPO,, 
0.05 per cent in distilled water. The filtrates of fluores- 
cent cultures used in several experiments were prepared 
by inoculating asparagine broth with one of the above 
organisms, incubating it in the dark for 1 to 3 weeks 
at room temperature, and filtering it through a Seitz 
pad or a Mandler filter, previously washed free of 
soluble fluorescent materials. 

Absorption spectra were determined on a Beckman! 
model DU spectrophotometer, and pH measurements 
on a Beckman! model H2 pH meter. Fluorescence emis- 
sion spectra were obtained using the equipment de- 
scribed by French (1955). All emission spectra were 
corrected for the instrument response to a standard 
light source. Fluorescence measurements were made on 
a Coleman? model 12B photofluorometer. Visual fluores- 
cence of materials was determined in subdued lighting 
or in the dark using a Vogelite* model 6W101 hand 
fixture previously described (Elliott, 1954). A Vogel 
blue to green fluorescence color comparison chart was 
used for recording small changes in black-light fluores- 
cent colors (Benson and Vogel, 1955). Reagents and 
glassware were tested frequently for the presence of 
foreign fluorescent materials. In general, chemically 
pure reagents were nonfluorescent, whereas technical 
grades had to be purified. Darco G60‘ was the activated 
carbon used for adsorption of pyoverdine. 

Solvents. As a means of separating pyoverdine from 
frozen whole egg magma, a pyoverdine solvent im- 
miscible in water would be ideal. A large number of 
such solvents was tried, but no suitable one was found 
since pyoverdine has a strong affinity for the aqueous 
phase in any extraction system. Water and aqueous 
alcohol were found most practical for the present work. 

Attempts at purification. A crude preparation of 
pyoverdine was obtained by adsorption on activated 
carbon from a culture filtrate of P. ovalis, followed by 
elution with aqueous alcohol. This material dried to a 
brown amorphous residue but did not crystallize. On 
heating, it began to soften at 230 C, but even at 252 C 
it did not melt completely. Although this indicates 
that pyoverdine is a mixture, it will be considered a 
single entity in further discussion here. Unsuccessful 
attempts were made to fractionate this material by 
paper and column chromatography. 

Antibiotic properties. Brief experiments using Micro- 
coccus pyogenes var. aureus and Escherichia coli with 
the agar-cup-plate method showed a _ concentrated 
aqueous solution of crude pyoverdine to diffuse rapidly 
into the medium surrounding the cup. With neither 


1 Beckman Instruments, Inc., Fullerton, California. 
2Coleman Instruments, Inc., Maywood, Illinois. 
3 Ultra-Violet Products, Inc., San Gabriel, California. 
4 Atlas Powder Company, New York, New York. 
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organism was there any evidence of antibacterial 
action. 

Absorption spectra. The absorption spectrum offered 
a possible means of identification and measurement of 
the pigment. Five mg of crude pyoverdine, prepared 
as described above, when dissolved in 25 ml of water 
presented the absorption curve shown in figure 1. 
Similar spectra were obtained on the fluorescent fil- 
trates of cultures (figures 2-5) and on this same pyo- 
verdine preparation dissolved in 0.5 per cent AIC\,. 
The curves obtained agreed well with those presented 
by Giral (1936), Turfitt (1937), and Turfreijer (1941). 

Fluorescence emission spectra and the effect of pH 
change. Fluorescence emission spectra were determined 
at three pH values on a fluorescent culture filtrate of 
Pseudomonas ovalis and on pure riboflavin solutions. 
Absorption spectra then were run on the same solutions. 
Results are plotted in figure 2. The pH shift in absorp- 
tion maxima in pyoverdine solutions as described by 
Turfitt (1937) is evident here. Also, when the pH is 
either raised or lowered, the emission maximum shifts 
toward the red. Total emission is lessened by such pH 
changes, the greater decrease occurring in alkali. The 
same pH variations cause nearly complete quenching 
of fluorescence emission of riboflavin, though little 
change in its absorption spectrum. 

That pyoverdine is a sensitive pH indicator was 
shown by adjusting the pH values of an asparagine 
broth culture of P. ovalis using HCl and NaOH. The 
colors noted are shown in table 1. All color changes were 
reversible. 

Riboflavin content. If riboflavin were a free component 
of pyoverdine, as described by Birkhofer and Birk- 
hofer (1948), the identification and measurement of 
the pigment could be accomplished easily by established 
methods. Riboflavin was found to be absent when a 
P. ovalis culture was analyzed by the official method 
(AOAC, 1955). Furthermore, the absorption spectrum 
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Figure 1. Absorption spectrum of crude pyoverdine, 0.2 mg 
per ml in water. 
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of pyoverdine is not that of riboflavin, and its pH indi- 
cator characteristics are different. It was concluded 
that riboflavin is not a free component of pyoverdine. 
Naves (1955) came to this same conclusion. It is of 
interest to note, however, that species of Pseudomonas 
that produce riboflavin are known (for example, 
Ganguly, 1955; Landenburger, 1952.) It is possible 
that Birkhofer and Birkhofer isolated one of these. 
Separation of pyoverdine from riboflavin is not easy. 

Beer’s law. Measurements made on a P. ovalis fluores- 
cent filtrate at 412 my at various stages of dilution 
showed optical density to be proportional to concen- 
tration. Similarly, the fluorescence of a culture filtrate 
when diluted was proportional to concentration, using 
the B; and PC, filters of the photofluorometer. An 
extract of fluorescent eggs, prepared in accordance with 
the quantitative method described in the second paper 
of this series, was also diluted quantitatively. Fluores- 
ence of this material was likewise proportional to 
oncentration. Thus pyoverdine obeys Beer’s law in 
he concentrations expected in egg spoilage. 
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Pyoverdine formation and oxidation-reduction potential. 
When a culture of the facultative organism Pseudo- 
monas ovalis is grown in a colorless asparagine broth, 
then examined under black light, pyoverdine formation 
begins with a light blue color throughout the medium, 
then the top few millimeters become yellow-green. 
Finally the yellow-green color diffuses throughout the 
medium. This more rapid production of pyoverdine at 
the surface must be related to the higher oxygen tension 
there. It is not related to pH, as the following data show: 


Portion Color under black light pH 
Top Green BG 60 7.5 
Bottom Blue BG 80.8 7.5 


Giral described greater production of pyoverdine 
during aeration. An experiment was conducted which 
confirmed his findings. Results, presented in figure 3, 
show the rapid production of pyoverdine in the culture 
aerated during growth with a continuous bubbling of 
sterile air. On the other hand, the culture held aerobic 
without this flow of air produced much less, and the 
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Figure 2. Absorption and fluorescence emission spectra of a filtrate of a fluorescent culture of Pseudomonas ovalis and of pure 
riboflavin. 
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one in which anaerobic conditions were maintained by 
a layer of oil on the surface produced almost none of the 
pigment. 

This study shows that air is necessary in the produc- 
tion of pyoverdine. Subsequent studies showed a cessa- 
tion of pyoverdine production in spoiling liquid egg by 
the time the oxidation-reduction potential had fallen 
to —0.3 v. This observation is illustrated in table 2; 
however, these data do not indicate the exact voltage 
at which production ceases. 

Effect of light. A preliminary test showed that culture 
filtrates changed in fluorescent color from green (BG 
50.8) to blue (BG 80.8) when exposed to direct sun- 
light and to bluish green (BG 60.8) when exposed to a 
black-light lamp. Figure 4 shows the drastic effect. of 
direct sunlight in breaking down the pigment on ex- 
posure in silica cells. 

Further experimentation with known wave bands 
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Figure 3. Comparative production of pyoverdine by Pseudo- 
monas ovalis B1595 in asparagine broth cultures (1) continu- 
ously aerated during growth, (2) aerobic but not aerated, (3) 
anaerobic by reason of a 5-mm layer of sterile mineral oil on 
its surface, and (4) anaerobic with added 0.5 per cent glucose. 
Only the 2-day absorption spectra are presented. 
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has shown that pyoverdine is readily decomposed by 
ultraviolet light, but less readily so by visible light. In 
acid solution it appears to have greater susceptibility 
to long wave ultraviolet light; but in neutral solution 
it is more susceptible to the short ultraviolet bands. 
It is readily decomposed by laboratory daylight that 
has passed through window glass. Fluorescence of one 
solution dropped 30 per cent on 3 hr exposure to 
laboratory daylight out of direct sunlight. 

Pyoverdine will not decompose on several hours’ 
exposure to light from incandescent or fluorescent 
lamps that emit little or nothing in the ultraviolet 
range. It is worthy of note, however, that pyoverdine 
solutions will break down even in the dark if stored 
several weeks. 

Effect of concentration on color. There is a correla- 
tion between pyoverdine concentration and its fluores- 
cent color. That the yellow-green color may indicate 


/ 


AFTER 
EXPOSURE \ 
= 
.200 
of 
100 
250 300 350 400 450 500 550 


WAVELENTH mp 


Figure 4. Effect of 132 min of sunlight passed through silica 
glass on the absorption spectrum of the sterile filtrate of a 
Pseudomonas ovalis culture. 
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Figure 5. Absorption spectra of filtrates of identically 
treated cultures of the “blue’’ Pseudomonas fluorescens B1613 
and the ‘yellow-green’? Pseudomonas ovalis B1595. 
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high concentration and the blue color a low concentra- 
tion was shown in the following series of experiments. 

A culture of Pseudomonas ovalis in asparagine broth 
fluoresced a brilliant yellow-green (BG 50.8). When 
diluted 1 to 50 with asparagine broth of the same pH 
(8.1), it fluoresced blue (BG 80.8). 

Pseudomonas fluorescens B1613, which had_ been 
isolated from a blue fluorescent egg, produced blue 
fluorescence consistently when inoculated into shell 
eggs. On the other hand, Pseudomonas ovalis B1595, 
isolated from a yellow-green fluorescent egg, produced 
yellow-green fluorescence when inoculated into shell 
eggs. These eggs were broken out and stored as separate 
lots in the freezer. Subsequent analysis by the quanti- 
tative method described in a second study (Elliott, 
1958) showed that the egg pulp prepared from the 
light blue fluorescent eggs contained one third as 
much pyoverdine as that from the yellow-green fluores- 
cent eggs. Absorption spectra run on identically treated 
culture filtrates of these two organisms showed a 
similar difference in pyoverdine concentration (figure 5). 

Anaerobic cultures of Pseudomonas ovalis in as- 
paragine broth produced only small quantities of 
pyoverdine and fluoresced blue (figure 3). Likewise, 
artificial conditions which created a low oxygen tension 
resulted in blue fluorescence in eggs inoculated with P. 


TABLE 1 


Effect of alteration of pH on the color of an asparagine 
broth culture of Pseudomonas ovalis 


pHs Color by Daylight 


Color by Black Light 


3.1 | Colorless Bluish white 

6.6 | Colorless Bright blue (BG 80.6) 
7.3 | Very light yellow Greenish blue (BG 70.8) 
7.9* | Light yellow green Blue green (BG 50.8) 


9.0 Light yellow green Blue green (BG 50.8) 
13:2 Yellow green Green (BG 30.8) 
* Unadjusted. 

TABLE 2 


Spoilage of liquid whole egg at 22 to 26 C after inoculation 
with Pseudomonas ovalis 


Time Eh* | Pyover- | Odor testi 
i v | X 108 
0 | +0.274 | 9.3 Normal 0.247 
19 +0.044 | 10.6 Normal 147 
43 —0.341 | 54.0 Decomposed 2,300 
67 —0.326 | 59.3 Decomposed 5,000 
92 —0.306 55.9 Decomposed 10,300 


* Beckman pH meter with platinum and calomel electrodes 
in continuous contact with the spoiling egg. Includes correc- 
tion of +0.244 v for use of calomel electrode. 


+ Expressed as ug of riboflavin per 100 g egg. Average of 2 
determinations. 


t Three persons. 


ovalis. A batch of fresh eggs was immersed in a cold- 
water suspension of the organism. Then the eggs were 
divided, and half of them were immersed immediately 
in melted paraffin. All were held at 15 C. All resulting 
fluorescent eggs in the paraffin-coated lot were blue 
when examined with the black-light candler; all those 
in the uncoated lot were yellow-green. 
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SUMMARY 


The term ‘‘pyoverdine”’ is recalled from the work of 
Turfreijer (1941) as the most suitable for the water- 
soluble fluorescent pigment of the pseudomonads. A 
crude preparation of pyoverdine would not .crystallize, 
and had no precise melting point. Its absorption and 
fluorescence emission spectra are presented. Riboflavin 
is not a free component of pyoverdine. Pyoverdine is a 
reversible pH indicator. It is decomposed by short and 
by long wave ultraviolet light but not by visible light. 
It is produced more rapidly and in greater quantity 
in aerated media than in media with lesser oxygen 
tension. Its production by pseudomonads ceases in 
spoiling egg by the time the oxidation-reduction po- 
tential falls to —0.3 v. Fluorescence of pyoverdine is 
proportional to concentration. It has no antibiotic 
activity against Micrococcus pyogenes var. aureus or 
against Escherichia colt. 

Some color variations in pyoverdine may be due to 
variation in concentration. A strain of Pseudomonas 
fluorescens produced less pyoverdine in eggs and cul- 
tures than did a strain of Pseudomonas ovalis. Cultures 
of the former fluoresced blue consistently, whereas 
those of the latter fluoresced yellow-green. 
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The Federal Food, Drug, and Cosmetic Act of 1938 
defines as adulterated any food that is composed in 
whole or in part of a filthy or decomposed substance. 
Objective laboratory and field tests for detection of 
decomposed products are always advisable to supple- 
ment organoleptic examinations. In any product where 
organoleptic tests fail because decomposition is masked 
by any means, objective tests are an essential part of 
the enforcement program. 

Spoilage of shell eggs by pseudomonads usually can- 
not be detected by white-light candling devices except 
when the eggs are in the latter stages of decomposition. 
Most of these organisms, however, produce in the 
albumen a pigment that is fluorescent in black light. 
The term ‘“‘pyoverdine’”’ is recalled from the work of 
Turfreijer (1941) as the first definitive name for this 
pigment. A candling device employing black light was 
developed in the California egg industry and was first 
described by Lorenz (1950) as an effective tool in the 
detection of pyoverdine in eggs spoiled by pseudo- 
monads. Black-light candlers were shown by Elliott 
(1954) to detect both incipient and obvious spoilage 
by pseudomonads. An automatic candler for detection 
of fluorescent eggs has been developed by Norris (1955). 
This candler was shown by Mercuri ef al. (1957) to be 
effective in keeping eggs with a high bacterial count 
out of liquid egg packs. Trussell (1955) found that 
fluorescent eggs usually contained other organisms as 
well as the pseudomonads causing fluorescence. How- 
ever, Florian and Trussell (1957) reported that pseudo- 
monads predominated among isolates from infected 
eggs from four sources. 

The normal egg yolk contains products that are 
fluorescent under black light. These materials do not 
interfere with the shell-egg candling technique; but 
when they are mixed intimately with the albumen, as 
in the case of whole egg pulp, they mask the presence 
of pyoverdine completely. A means of detecting fluores- 
cent eggs in frozen whole egg pulp therefore would be 
of value. 

Canadian workers have developed a “fluorescence 
value” applied to extracts of dried egg (Pearce and 
Thistle, 1942) and of liquid and frozen egg (Reid, 
1946). Whereas fluorescence value measures general 
quality, it is not sufficiently specific to be used for 
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detection of pyoverdine. In fact, Brooks (1954) and 
Brooks and Hale (1954) found the fluorescence value 
of musty eggs infected with pseudomonads to be the 
same as that of normal eggs. They found, however, 
that the addition of a measured amount of sodium 
hydrosulfite to the egg extract resulted in a roughly 
measurable increase of fluorescence in the case of the 
musty eggs. This increase did not occur with the nor- 
mal eggs. 

Chemical and physical characteristics of pyoverdine 
which might be of use in separating it from and de- 
termining it in frozen whole egg have been described 
in a preceding report (Elliott, 1958). The present paper 
is concerned with description of a method of analysis 
based on this information, and with limited experience 
in its use. 


METHOD 


Weigh 50 (+0.1) g of the thawed egg into a 250 ml 
beaker. Add about 90 ml redistilled 95 per cent ethyl 
alcohol with stirring to break up the egg meat. Using 
alcohol, transfer to a wide-mouth 200 ml volumetric 
flask. Mix thoroughly when slightly short of volume, 
then bring to volume. Pour into a dry 250 ml centrifuge 
bottle. Centrifuge about 15 min at about 1000 rpm. 
Pipette exactly 100 ml of the supernatant liquid into a 
250 ml separatory funnel. Add about 125 ml chloro- 
form. Shake by hand about 100 strokes. Allow emulsion 
to break and the aqueous layer to separate by letting 
it stand in the dark at least 6 hr, but no more than 24 
hr; or place the funnels in a centrifuge to break the 
emulsion. Draw off and discard the bottom layer. Again 
add about 100 ml chloroform and repeat. Using water, 
wash the aqueous layer (including the emulsified inter- 
face, if any) into a 50 ml volumetric flask into which 
has previously been pipetted exactly 10 ml of a pH 1 
buffer concentrate.! Bring to volume with water. If 
the solution is cloudy, centrifuge it briefly and pour 
off the supernatant liquid for the test. Each ml is the 
extract from 0.5 g egg meat. 

As standard, prepare stock solutions of riboflavin 
according to the official method (AOAC, 1955) and 


1To prepare the pH 1 buffer concentrate, add 25 ml 1 N 
KCl to 48.5 ml 1 n HCl, and dilute to 100 ml with water. The 
KCI should be dried at 120 C before use. 
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store them in the dark in the refrigerator under toluene. 
Each week make up a fresh standard from the ribo- 
flavin stock solution II by pipetting 5 ml to a 100 ml 
volumetric flask. Add 50 ml 0.1 m potassium acid 
phthallate and dilute to volume with water. Store 
cold in the dark. This standard contains 50 yg ribo- 
flavin per 100 ml in a pH 4 buffered solution. 

Measure the fluorescence of the test solutions and 
the standard in a photofluorometer model 12B? using, 
as primary filter, the B, (Corning 5874*) filter and, as 
secondary filter, the PC, (Corning 3486*) filter. Calcu- 
late the concentration of pyoverdine in the egg as 
follows, expressing the concentration in terms of yg 
of riboflavin per 100 g of egg: 


= yg/100 g 


where the factor of 2 is derived from the concentration 
of egg in the final extract, C = concentration of ribo- 


2Coleman Instruments, Inc., Maywood, Illinois. 
8 Corning Glass Works, Corn‘ng, New York. 
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flavin standard in ug/100 ml, R = reading on unknown, 
and S = reading on standard riboflavin solution. 


NOTES ON THE METHOD 


Precautions. Solutions containing pyoverdine should 
be protected from daylight, although incandescent or 
fluorescent lamps not emitting ultraviolet light may be 
used. Extracts should be kept in the dark if stored 
overnight. 

Reagents and extracts should contact only clean 
glass to prevent fluorescent and fluorescence-quenching 
materials from entering the system. For example, 
rubber may introduce fluorescence, and dissolved 
metals may cause quenching. Only reagent grade 
chemicals should be used, although USP alcohol is 
satisfactory if redistilled in glass. It is well to run some 
known good egg in parallel as a control. 

Chloroform. Precipitation of the egg with alcohol 
leaves a clear yellow solution containing the pyoverdine, 
but also containing fats and other interfering substances 
from the egg. Chloroform removes both the fatty con- 
stituents and the alcohol. The aqueous layer separating 
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Figure 1. Absorption and fluorescence emission spectra of aqueous extracts of normal and of fluorescent whole egg that had been 


frozen and stored 1 year. 
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after standing or centrifuging is the water drawn from 
the egg by the alcohol, and contains the pyoverdine. 

Adjustment to pH 1, Adjustment to pH 1 accomplishes 
three purposes: (1) It quenches the residual fluorescence 
of an interfering substance present in extracts of both 
normal and fluorescent egg. (See figure 2 in Elliott, 
1958, and figure 1 in this paper). That this substance 
is riboflavin was shown by analysis by the official 
method (AOAC, 1955). (2) It reactivates the fluores- 
cence of pyoverdine that has been quenched by storage 
in frozen egg. Figure 1 shows the fluorescence emission 
of the unadjusted extract of fluorescent egg to be about 
equal to that of the riboflavin in the normal egg. (3) 
It removes the absorption spectrum from the fluores- 
cence emission spectrum so that separation of these 
wave bands by photofluorometer filters is readily ac- 
complished. Adjustment to pH 12 would not have 
been as satisfactory in this regard. Also, it was deter- 
mined that the fluorescence of pyoverdine is less sensi- 
tive to slight departures from pH 1 than from pH 12 


TABLE 1 
Recoveries of pyoverdine added to normal liquid egg 


Pyoverdine, Expressed as ug of Riboflavin per 100 g 
Ese Recovery 
Added Recovered 
% 

112 103 92 
90 81 90 
84 70 83 
56 46 82 
28 20 72 
ll 12 109 
9 9 100 
5.6 4.4 79 


Blank readings on the normal egg were subtracted before 
tabulation for purposes of comparison. Each figure is the 
average of two determinations. 
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Reference standard. The failure to obtain pyoverdine 
in pure form made it impossible to use it as a standard. 
Fortunately, the fluorescence emission peak of ribo- 
flavin falls at the same position as that of pyoverdine 
at pH 1 (figure 2 in Elliott, 1958). A variation of pH 
values from neutrality to as low as 2.4 was found to 
change the height of the riboflavin peak but not its 
position. Riboflavin is known to be more stable in acid 
solution than in neutral or alkaline solution, and Kuhn 
and Moruzzi (1934) showed the fluorescence of ribo- 
flavin to be insensitive to slight pH changes in the 
vicinity of pH 4. Therefore a riboflavin solution buffered 
at pH 4 was chosen and was found to be an excellent 
standard in pyoverdine determinations. 


EVALUATION OF THE METHOD 


Recoveries of added pyoverdine. To determine the 
efficiency of the above method, several recovery experi- 
ments were undertaken. Crude pyoverdine was pre- 
pared by adsorption on and elution from carbon, as 
described in the preceding paper. It was dissolved in 
water, then aliquots were measured to 50 g portions of 
normal whole egg, and mixed. Table 1 shows that re- 
coveries varied from 72 to 109 per cent. 

Test of the method with authentic packs. Two au- 
thentic packs were designed to correlate percentages 
of fully fluorescent eggs in a frozen pack of whole eggs 
with recoveries of pyoverdine. In the first pack, fully 
fluorescent shell eggs rejected by a commercial candler 
were broken out and mixed with good whole eggs at 
various levels from 0 to 100 per cent. Eggs with very 
bad odor or detectable as abnormal with white-light 
candling were excluded from the pack. This was done 
to simulate conditions that could occur in a breaking 
plant equipped with neither black-light candlers nor 
with black-light lamps over the breaking tables. 
Whereas all mixtures except those that contained no 


TABLE 2 
Results of analysis, first authentic pack* 


Pyoverdine (ug/100 g) Bacteria per g (X10®)t Acids, mg/100 g 
Eggst ‘ Formic Acetic Lactic Succinic 
B D B D B D B D 
0 6 6 8 7 | Too low Too low) 0.8 1.2 12 0.5 5.0 5.1 | None | None 
3 9 10 9 8 54 7 
5 ll i 11 12 120 20 
i 6 | 16] 19 | 19 170 38 
30 | “22 34 37 34 500 86 2.4 6.1 6.4 0.5 
60 | 60 63 73 126 700 300 8.0 14.7 8.1 3.0 
100 | £10 121 131 193 900 340 41.6 9.3 58.1 19.5 31.7 12.0 17.8 | 4.5 


* All analyses were made in duplicate or triplicate. Series A was analyzed immediately, not frozen. Series B was held 18 hr at 
11 C, then frozen and held 14 weeks before analysis. Series C was frozen immediately, and held frozen 5 days before analysis. Series 
D was frozen immediately, and held frozen 14 weeks before analysis. Bacteria were determined by direct count. 

+ Eggs appearing abnormal with the white-light candler, and eggs with very bad odor were excluded from the pack. 

t Viable count on the equivalent good egg of series A was 30,000 per g. Such low numbers cannot be determined by direct count. 
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fluorescent eggs had some odor and could be arranged 
in exact order by smell alone, all but the 100 per cent 
fluorescent eggs were considered passable by smell 
test. The effects of delay before freezing and of frozen 
storage were determined on parallel mixtures. All 
analyses were made in duplicate or triplicate. 

Results are shown in table 2. Both pyoverdine and 
bacteria count were sensitive indicators of the presence 
of fluorescent eggs. The various acids were less sensi- 
tive to this type of decomposition. When these eggs 
were held in the liquid state without being frozen im- 
mediately there was a sharp increase in bacterial count 
and odors of decomposition developed; however, pyo- 
verdine did not increase during this essentially an- 
aerobic spoilage (see also table 2 of Elliott, 1958). Thus 
these data show that if pyoverdine is present in quantity 
in frozen or liquid eggs, it must have been formed in 
the shell eggs before they were broken. 

In a second pack, the apparent increase in pyoverdine 
recovery in the 60 and 100 per cent levels of series C 
and D, table 2, was confirmed. Results of the second 
pack are shown in table 3. It is evident that some in- 
creased recovery occurred at the 60 and 100 per cent 
levels, but not as much as in series D of the first pack. 

A third pack was designed to evaluate the method 
on dried egg. An authentic mixture of fluorescent and 


TABLE 3 
Second authentic pack 


Pyoverdine (avg of 2) (ug/100 g) 
Fluorescent Eggs 


Not frozen Frozen 6 days Frozen 14 weeks 


| | 

% | 
0 8 8 6 
30 35 | 37 38 
60 71 72 88 
100 112 | 124 | 130 


Effect of frozen storage on recovery of pyoverdine in mix- 
tures of fluorescent and normal whole egg meats. Eggs appear- 
ing abnormal with the white-light candler, and eggs with 
very bad odor were excluded from the pack. 


TABLE 4 


Pyoverdine content and raw odor of eggs detected as 
rots using white-light candling 


No. of Eggs 
| 
Type | | Decomposed odor 
Total | 
| pyoverdine lc 
| Total | ae 
White rot........| 33 | 18 | m4 | 9 
Mixed rot....... 30 28 25 23 
Black rot.........) 13 12 13 12 
Bloody white. .... 1 0 0 0 
5 3 2 


* Over 10 ug per 100 g. 
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normal egg material was sampled for analysis, then 
was flake-dried at 47 C. On being reconstituted, analysis 
showed there had been a 10 per cent loss of pyoverdine 
from drying. 

Pyoverdine content of miscellaneous rots. The above 
packs included only fluorescent eggs appearing normal 
with the white-light candler. A brief study was there- 
fore undertaken to determine the amount of pyoverdine 
in individual rots of various kinds obtained from three 
commercial candling houses. 

Among the eggs received, 69 were normal under 
white-light candling but fluorescent under ultraviolet 
candling. These were designated lot 1. The remaining 
82, abnormal with white-light candling, were not 
sorted with the ultraviolet candler. These were desig- 
nated lot 2. 

The eggs of lot 2 were broken into tared beakers and 
frozen for later analysis. Table 4 and figure 2 furnish 
a summary of the data obtained. Pseudomonads were 
responsible, at least in part, for the decomposition of 
most of these eggs, for pyoverdine was found in 61 of 
the 82 rots examined. The pyoverdine content of some 
rots was several fold higher than that found in fluores- 


NUMBER OF EGGS 
o 


to to 
99 199 299 399 499 599 899 
PYOVERDINE CONTENT pg 1009 


Figure 2. Range of pyoverdine in 82 eggs detected as rots 
with the white-light candler. Pyoverdine was considered as 
absent from eggs showing an apparent content of 0 to 10 ug 
per 100 g because of the high blank of the method. The eggs 
were smelled raw. 


TABLE 5 
Condition of 69 fluorescent eggs after storage for 6 weeks at 6 C* 


No. of Eggs with: 
Appearance, White-light Candling oe 
Passable odor Reject odor 
Disintegrated yolk........ 7 11 


* Eggs were normal to the white-light candler before storage. 
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cent eggs of the first two packs, showing that pyoverdine 
increases as spoilage progresses in the shell eggs. 

The 69 fluorescent eggs of lot 1 were stored in the 
shell at 6 C for 6 weeks, then candled with the white- 
light candler, and smelled raw, with the results as 
shown in Table 5. 

Thus when fluorescent eggs are stored, most of them 
develop reject odors and abnormal appearance by 
white-light candling. Had the eggs been soft-cooked, 
many of those with passable odor would have become 
reject (Elliott, 1954). 


DISCUSSION 


The increased recoveries of pyoverdine after storage 
in frozen egg may appear to limit the value of the 
method. However, this phenomenon was evident only 
in the higher levels of spoiled eggs. Samples containing 
large amounts of pyoverdine would be grossly con- 
taminated with fluorescent eggs and contain large 
numbers of bacteria. 

The limited data on miscellaneous rots described in 
the preceding section show that spoilage indicated by 
fluorescence may often be the precursor for more ad- 
vanced decomposition in the shell eggs of commerce, 
and that pyoverdine increases as this decomposition 
becomes advanced to the point where it is recognizable 
with the white-light candler. This would be a logical 
conclusion to the findings of Florian and Trussell (1957) 
that the Psewdomonas genus had greater ability than 
any other to penetrate the shell egg, but that other 
organisms usually followed the primary invader. 

The high blank of the method makes detection of 
less than 5 per cent fluorescent eggs in a pack difficult. 
However, even 3 per cent fluorescent eggs will intro- 
duce sufficient bacteria to bring the direct count above 
the figure of 5 million per g that has been determined by 
Lepper ef al. (1956) to indicate the presence of decom- 
posed eggs. 

The high blank is assumed to be caused by a small 
residual fluorescence of the naturally occurring ribo- 
flavin. Perhaps with more research, one could alter the 
method to lower the normal blank. The problem would 
be to separate riboflavin from pyoverdine, perhaps in 
the final aqueous extract. 

Further experimental packs and collaborative studies 
are being undertaken. 
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SUMMARY 


A method of analysis for pyoverdine in frozen whole 
egg is outlined. The method recovered 72 to 109 per 
cent of added pyoverdine, depending on its level in 
the egg. A riboflavin solution buffered at pH 4 was 
chosen as a standard because pyoverdine could not be 
obtained in pure form. Authentic packs of mixtures of 
fluorescent and normal whole egg were prepared and 
analyzed. Pyoverdine and bacteria count were sensitive 
indicators for the presence of fluorescent eggs, but 
formic, acetic, lactic, and succinic acids were not. 
Pseudomonads form pyoverdine readily in shell egg 
spoilage, but much less so in liquid egg spoilage. Flake- 
drying destroyed 10 per cent of the pyoverdine. Pyo- 
verdine was present in 61 of 82 shell eggs detected as 
rots by white-light candling. 
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Certain important industrial fermentations require 
substantial amounts of sterile air that are commonly 
obtained by filtration through beds of fibers, granular 
solids, or specially prepared filter media (Gaden and 
Humphrey, 1956). To control the efficiency of such 
sterilization filters, several methods to estimate the 
microorganism content of the air have been proposed. 
These methods can be classified into three fundamental 
types: 

1. The air is passed through a porous material, such 
as the Millipore filter’ (Humphrey and Gaden, 1955), 
that retains the microorganisms; the filter is then dis- 
aggregated in sterile water and the suspension is plated 
for counting. This method applies only when the air 
stream is very slow. 

2. The air stream is directed to a solid culture medium 
(Bourdillon, 1941) that retains some of the microorgan- 
isms on its surface. This method is inadequate for long- 
time experiments because the culture medium dehy- 
drates and shrinks. It also needs carefully controlled 
experimental conditions to assure good results. 

3. The air is bubbled through a liquid with specially 
designed impingers (Rosebury, 1947). The suspension 
of microorganisms obtained is then plated for counting. 
This method also applies when the air stream is slow. 

This report describes a simple filtration method for 
the estimation of the concentration of microorganisms 
in the air. Air is passed through a filter paper mounted 
in a proper device; the microorganisms retained are 
counted on the same filter paper conveniently moistened 
with a suitable culture medium. This method can be 
used with air streams of relatively high rates, and 
eliminates the counting of microorganisms by plating. 


MATERIALS AND METHODS 


The experimental work was divided into two funda- 
mental parts: 

1. Filtration tests with water suspensions of known 
concentrations were carried out to verify the propor- 
tionality between the retained number and the ex- 
pected number of micrcorganisms. 

2. Filtration test with air in natura and with lightly 
contaminated air, at a stream rate of about 10 meters 
per min, were made to measure the filter retention effi- 


1 Millipore Filter Corporation, Watertown, Massachusetts. 
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ciency and to verify the proportionality between the 
retained number of microorganisms and the air volume, 

Saccharomyces cerevisiae, Staphylococcus aureus, and 
a Rhodotorula species were used in the water suspension 
filtration tests. The filtration device, represented in 
figure 1, must be carefully mounted to avoid lateral 
drain of the suspension of microorganisms. Different 
suspensions containing from about 40 to 400 cells per 
10 ml were prepared from suspensions of known con- 
centrations. After filtration of 10 ml portions of these 
suspensions, 10 ml of culture medium were added to 
each filtration device. The major part of the added 
culture medium was retained by the cotton bed, and 
was sufficient to assure the development of the micro- 
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Figure 1. Filter device for liquid filtration tests 
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Figure 2. Filter device for air filtration tests. A. Schematic 
representation. B. Construction detail of one of the four filters. 
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organisms. The following culture media were used: for 
Saccharomyces cerevisiae and the Rhodotorula sp.; meat 
extract, 3 g; peptone, 5 g; glucose, 10 g; distilled 
water to 1000 ml; for Staphylococcus aureus; yeast 
extract, 25 g; tryptone, 10 g; gelatin, 15 g; p-mannitol, 
55 g; NaCl, 75 g; (NH4)SO., 5 g; KeoHPO,, 15 g; 
distilled water to 1000 ml. The filtration devices were 
incubated in a water vapor saturated atmosphere at 
28 to 30 C for 48 to 72 hr, and the colonies were then 
counted. 

The concentrations of the suspensions of the Sac- 
charomyces cerevisiae and the Rhodotorula sp. were 
measured by direct counting with a hemocytometer. 
The absolute concentration of the Staphylococcus aureus 
suspension was not measured; only spectrophotometric 
determination of its transmittance with X = 590 my 
was made. 

Figure 2 shows the filter used in the air filtration 
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Figure 8. Experimental system used in air filtration tests 
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Figure 4. Filtration device for routine measurements 
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Figure 5. Filtration experiments with water suspensions 


of Saccharomyces cerevisiae. 
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Figure 6. Filtration experiments with water suspensions of 
Rhodotorula sp. 
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Figure 7. Filtration experiments with water suspensions of 
Staphylococcus aureus. Suspension no. 1 was prepared diluting 
500,000 times a stock suspension of 83 per cent transmittance 


(A = 590 mp). 
TABLE 1 
Air filtration tests 
| Number of Colonies on 
Whatman | Air Stream | Filtration | Filter No.f | Retention 
Paper No. ate* ime : | Efficiencyt 
| 1 2 | 4 | 
meters/min. min | | % 
42 9.9 40 > 2000 1/;0;0 >99.9 
42 9.9 10 >2000 0) 100 
42 9.9 5 | >2000 |0/ 0/0) 100 
42 10.4 0.5 | >2000 | 2 0/0 >99.9 
40 99 | 1 >200 8 0 0 >99.6 


* Calculated supposing the filtration device empty. 
t See figure 2. 
Calculated according Bourdillon (1941). 
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Figure 8. Filtration experiments with lightly contaminated 
air. Air rate = 32.5 to 33.5 L per min. 
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tests carried out to estimate the retention efficiency. 
To avoid air losses through the metal joints, ‘‘mas- 
tique” (mixture of 75 per cent pitch, 15 per cent wax, 
and 10 per cent ochre) was applied after the filter 
sterilization. Figure 3 is a schematic representation of 
the complete experimental system. After the filtration 
test was over, about 8 ml of culture medium (meat 
extract, 3 g; peptone, 5 g; glucose, 10 g; distilled water 
to 1000 ml) were added to each filter paper through the 
lateral holes (see figure 2); the volume of culture 
medium added must be just sufficient to saturate the 
cotton bed that supports the filter paper. The filtration 
device was then incubated in a water vapor saturated 
atmosphere at 28 to 30 C for 60 to 72 hr and then 
counted. 

Whatman filter papers no. 40 (white ribbon) and 42 
(red ribbon) were used in all experiments. Sterilization 
was accomplished by autoclaving at 120 C for 15 to 
20 min. 

Figure 4 shows a proposed filtration device for routine 
experiments; this device was used to test the propor- 


tionality between the number of microorganisms re-. 


tained and the volume of lightly contaminated air. 


RESULTS 


Figures 5, 6, and 7, show the results of the filtration 
experiments carried out with water suspensions of 
Saccharomyces cerevisiae, Rhodotorula sp., and Staphylo- 
coccus aureus, respectively. Uniform distribution of 
the colonies on the filter paper surface and absence of 
colonies in the cotton bed were always observed in 
these experiments. 

Table 1 and figure 8 show the results of the air filtra- 
tion tests. Bacteria were found rarely in the tests with 
air in natura. 


Discussion 


The statistical treatment of the experimental results 
represented in figures 5-7, shows that there is a good 
proportionality between the numbers of microorgan- 
isms retained by the filter paper and the estimate 
number of microorganisms in the filtered suspension. 
Because of this experimentally verified proportionality, 
the proposed method seems to be a very good one to 
compare concentrations of microorganisms. The fact 
that in some experiments (see figures 6 and 7) the filter 
retention became greater when filter paper of larger 
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pore diameter was used probably shows that the 
mechanism of microorganism retention is not purely 
mechanical. 

The filtration tests carried out with air in natura 
show that the retention efficiency is practically 100 per 
cent. The filtration tests carried out with lightly con- 
taminated air show a good proportionality between 
the number of recovered microorganisms and the vol- 
ume of air. 

The filtration method described in this report has 
some advantages over the known methods: 

1. The filtration device is of simple construction and 
it is easy to operate. 

2. Long time tests can be made (about 2 hr). 

3. It can be applied with air streams of relatively high 
rates (about 10 meters per min). 

4. The counting of microorganisms by the plating 
technique is avoided. 
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SUMMARY 


The concentration of microorganisms in air can be 
estimated by filtration through common filter paper 
mounted in a simple device. The proposed method has 
a retention efficiency of 100 per cent, permits long time 
filtration tests, and can be applied when air streams of 
relatively high rates (about 10 meters per min) are 
used. The counting of the microorganisms on the same 
filter paper through which the air was filtered elimi- 
nates the necessity of counting by plating. 
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The general subject of lyophilization, with its specific 
applications, has been reviewed recently by Harris 
(1954). Although lyophilization has become a generally 
accepted method for long term preservation of stock 
cultures of viruses and bacteria it has not always been 
satisfactory for the preservation of Pasteurella pestis. 
This study was undertaken to determine some of the 
factors that affect viability of P. pestis during and 
after lyophilization. 
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ley, California. The opinions contained in this report are not to 
be construed as reflecting the views of the Navy Department 
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any purpose of the United States Government. 
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MATERIALS AND METHODS 


Cultures. Several strains of P. pestis were studied but 
strain A-1122 (avirulent) and strain 139 L (virulent) 
were used for most of the experiments. Cultures in 2.5 
per cent Difco heart infusion broth (HIB) were incu- 
bated on a shaker for 48 hr at 32 C. 

Containers. Most of the cultures were lyophilized in 
60 ml Army style vaccine bottles, 5 ml per bottle. A few 
were lyophilized in 6 ml spherical Pyrex ampules, 0.5 
ml per bottle. The bottles were stoppered with exhaust 
tube stoppers! fitted with brass ring clamps to facilitate 
sealing. 

Lyophilization. The apparatus shown in figure 1 was 
designed to accommodate two complete manifolds, each 
with 24 outlets. Each manifold was housed in an 


‘Obtained from F. J. Stokes Machine Co., Philadelphia, 
Pennsylvania. 


Figure 1. Manifold-type lyophilization apparatus with incubators for controlling temperature of air surrounding the bottles 
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incubator equipped to circulate air of constant tempera- 
ture past the bottles. 

Temperatures were determined at various locations 
within the drying system by the use of iron-constantan 
thermocouples. The temperature of the cultures was 
—15 to —18 C at the beginning of the drying cycle, and 
increased slowly until it approached that of the sur- 
rounding air, generally within 3 hr. After the first hr of 
each drying cycle, the air in the incubator was main- 
tained at 32 + 3C. 

The cultures were not cooled or frozen before attach- 
ment to the manifold unless otherwise indicated, but 
were degassed and “snap-frozen” in situ by slowly 
evacuating the system. 

At the end of the drying period the bottles were sealed 
at the existing vacuum by compressing the brass ring 
on the exhaust tube stopper. The glass ampules were 
sealed by fusing the neck. 

Viability and virulence. The lyophilized cultures were 
reconstituted to the original volume with sterile 
distilled water at room temperature. Viability was 
determined by a modification of the drop counting 
technique of Miles ef al. (1938) using 1 per cent peptone 
as the diluent and Difco blood agar base medium. 
Reported values represent the average of triplicate 
plates on each of three samples. 

Virulence was determined by inoculating 0.2 ml of 
serially diluted culture intraperitoneally into 8- to 
12-week old Namru mice. The LDs5) was determined 
by the Linearized Mortality Grid Method of Goldberg 
et al. (1954). 

Moisture determinations. Pressure in the bottles and 
moisture content of the lyophilized cultures were deter- 
mined manometrically after various periods of storage 
utilizing the apparatus described by Heckly (1955). 


RESULTS 


Effect of suspending medium and freezing methods. In 
preliminary experiments, the addition of albumin, 
methocel, starch, cysteine, and ascorbic acid to broth 
cultures of P. pestis had little or no protective effect 
during lyophilization and subsequent storage. Since 
Rogers (1914) had shown the value of skim milk in 
increasing the survival of lyophilized organisms, its 
individual components were assayed for their protective 
effect on P. pestis during lyophilization. 

The results in table 1 show that the protective effect 
of lactose alone or with phosphate buffer was compa- 
rable to that of whole skim milk, while casein and 
dialyzed skim milk had little effect. It is of interest that 
precooling to —5C in the presence of milk or lactose 
with either casein or buffer was not superior to snap- 
freezing, but precooling markedly increased survival 
when the culture was mixed with an equal volume of 
distilled water. Since survival in snap-frozen cultures 
containing lactose was comparable to that in precooled 
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cultures without lactose the snap-freezing technique 
was used subsequently because of the greater ease of 
operation. The conventional method of shell-freezing at 
—78 C prior to lyophilization resulted in significantly 
lower survival than either of the other two methods 
(table 1). 

Effect of pH and phosphate. The results in table 2 
indicate that the cultures should be buffered since 
survival was higher at pH 7.6 than at 7.2 or 7.0. In 
other experiments, it was found that varying the final 
phosphate concentration between 149 M and 45 Mm had 
no effect on survival but the use of 49 mM phosphate 
did result in slightly lowered survival. 


TABLE 1 
The effect of various substances and methods of freezing on 
survival of Pasteurella pestis strain A-1122 
during lyophilization 


Method of Freezing 
No. | Per cent | No. | Percent | No. Per vent 
trials | survivalt | trials | survivalt | trials | survivalt 
Skim milk 3 57 8 60 3 21 
(38-76) (46-74) (7-35) 
Casein 3% in 3 75 6 72 —_ — 
lactose 6% (51-99) (65-79) 
Casein 3% 6 15 
(12-18) 
Lactose 6% 3 72 6 49 3 12 
(66-78 ) (41-57) (9-15) 
Lactose 6% in 6 67 
245 M phos- (63-70) 
phate buffer 
Dialized skim 3 16 
milk (12-20) 
Distilled water 9 37 12 9 9 17 
(control) (30-44) (7-11) (1.2-2.3) 


* Equal volumes of the solutions were added to heart in- 
fusion broth cultures which had an original viable cell count of 
about 1.1 X 10° per ml. 

+ Preparations were slowly cooled to —5 C and held at this 
temperature for 24 hr before lyophilization. 

t Mean survival immediately after lyophilization. 95 per 
cent confidence interval in parentheses. 


TABLE 2 


The effect of pH on the survival of Pasteurella pestis strain 
139L lyophilization 


pH* No. of Trials Per Cent Survivalt 
7.0 6 15 (11-19) 
7.2 3 18 (9-27) 
7.6 5 50 (36-64) 


* The pH was adjusted with 10 per cent NaOH after adding 
to the culture an equal volume of 6 per cent lactose, buffered 
at pH 7 with 2{; m phosphate. Cultures contained about 10° 
viable cells per ml. 

+ Mean survival immediately after lyophilization with 9% 
per cent confidence intervals in parentheses. 
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Comparison of sugars. A comparison of glucose, 
sucrose and lactose as individual additives (table 3) 
showed that the three sugars were about equally effec- 
tive on a weight basis in maintaining viability. In- 
creasing the sugar concentration apparently increased 
survival. The claim of Fry and Greaves (1951) that the 
addition of 5 to 10 per cent glucose would improve 
almost every drying medium for bacteria was sub- 
stantiated in this study as far as initial drying and 
limited storage were concerned (table 3 and figure 2A). 
However, as shown in figure 2A, viability of P. pestis 
cultures to which glucose had been added decreased 
rapidly after 1 month’s storage at room temperature. 
The addition of either lactose or sucrose was more effec- 
tive than glucose in preserving viability. 

Effect of moisture and storage. After satisfactory via- 
bility during lyophilization was achieved, attention 
was directed toward minimizing the loss in viability 


TABLE 3 


Comparative effect of three sugars on the survival of Pasteurella 
pestis strain A-1122 lyophilization 


Mean Percentage Survival 
Sugar Final sugar concentrations* 
None 0.5% 1.5% 3.0% 6.0% 
36 40 58 
23 34 65 
50 78 83 93 
None (control). . | 9 — 


* Equal volumes of double strength sugar solutions were 
added to cultures before lyophilization. 
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O LACTOSE 
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LOGARITHM OF VIABLE ORGANISMS PER ML 
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Figure 2. The effect of three different sugars alone (A) and 
combined with magnesium chloride (B) on viability of Pas- 
leurella pestis strain A-1122 lyophilized and stored in rubber 
stoppered bottles. 


during prolonged storage. Fry and Greaves (1951) had 
reported that viability was decreased by excessive 
drying of the culture and suggested that the optimal 
residual moisture content was not the same for all 
organisms. In an attempt to obtain conditions of 
extreme drying, cultures were dried 4 hr at elevated 
temperature after the usual lyophilization. The results 
presented in figure 3, seem to confirm those of Fry and 
Greaves in that the cultures dried at the higher tem- 
peratures showed the greatest loss during lyophiliza- 
tion. However as shown in figure 3 organisms dried at 
the higher temperatures survived storage for 12 weeks 
as well or better than those dried at 25 C. It is possible 
that the moisture content of the cultures immediately 
after drying was below the optimum for storage and 
diffusion of moisture through the stopper increased the 
mositure content to the optimum for at least a portion 
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Figure 3. The effect of drying temperature on survival of 
Pasteurella pestis in rubber stoppered bottles. Cultures were 
mixed with an equal volume of 6 per cent lactose containing 
245 M phosphate buffer at pH 7.6. All preparations were dried 
18 hr at 25 C and the temperature was raised to 50 C for 2 hr 
before the final drying at 65 and 85 C. Pressure in the manifold 
ranged from 10 to 30 u Hg. 


TABLE 4 
Air pressure and moisture content of lyophilized cultures in 
various menstrua after 7 months’ storage at room temperature 
in rubber stoppered bottles 


Final Salt Concentration 
Sugar Added* 0.5 per cent CaCle | 0.25 per cent MgCle None 
Per cent Per cent | | Per cent | 
Pres IP 
Glucose......| 9.9 133 9.0 | 126 | 8.0 136 
Lactose....... 7.0 | 160 | 8.0 | 172 | 8.0 | 144 
Sucrose.......| 7.0 | 129 9.0 | 121 | 9.6 | 135 
7.5 123 10.0 125 | 8.0 138 


* Equal volumes of culture and 6 per cent sugar solutions 
containing either one per cent CaCl, or 0.5 per cent MgCl: were 
mixed. 

+ Water removed by distillation at 50 u pressure for 10 min 
at 100 C. Immediately after lyophilization all materials con- 
tained about 0.2 per cent water. 

t Pressure within bottle at time of sampling. All bottles 
were sealed at 0.02 mm Hg pressure. 
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of the storage period. The permeability of the rubber 
stoppers to moisture and air is indicated in table 4. 
After 7 months’ storage, the moisture had increased 
from 0.2 per cent to approximately 8 per cent. On the 
basis of determinations made earlier, the moisture had 
approached 8 per cent after as little as 12 weeks’ 
storage. Since moisture was determined on individual 
samples in table 4, differences may not be as significant 
as they appear to be. The stoppers were more permeable 
to water than air since the pressure within all bottles 
had increased from 0.02 mm to only 150 mm Hg pres- 
sure, whereas, the moisture approached equilibrium 
with that in the atmosphere. This difference in permea- 
bility to air and water is probably correlated with 
molecular size. 

Effect of caletum or magnesium chloride. In an attempt 
to minimize the detrimental effect of moisture, calcium 
or magnesium chloride (as drying agents) was added 
to the culture before lyophilization. As shown in figure 
2B the addition of magnesium chloride alone did 
maintain viability on storage and comparison of figure 
2B with figure 2A shows that survival of cultures 
containing sugars was not improved significantly by 
the addition of magnesium chloride. Comparable 
results were found with calcium chloride. 

Effect of volume per bottle. The volume of culture 
lyophilized per bottle was not critical in the presence of 
3 per cent lactose. Approximately 50 per cent of the 
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Figure 4. Survival of Pasteurella pestis strain A-1122 under 
various storage conditions. Equal volumes of 6 per cent lactose 
and culture were mixed immediately before lyophilization. All 
containers were sealed under vacuum after lyophilization. 
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original cells survived in bottles containing between 
0.5 and 10 ml of culture. 

Effect of type of container. The viability of lyophilized 
cultures stored in sealed ampules and rubber stoppered 
bottles is compared graphically in figure 4. Viability 
apparently depended on temperature during storage as 
well as on the closure. In glass sealed vials there was no 
appreciable loss in viability at 4C while there was 
approximately a log loss in 15 months at room tempera- 
ture. At 6 and 12 months, approximately 100 times more 
organisms remained viable in sealed glass ampules than 
in the rubber stoppered bottles; the difference was, 
presumably, due to the diffusion of moisture through the 
stopper. 

Table 5 summarizes the results of tests during storage 
for 450 days with 10 different strains of P. pestis. 
Although the average survival on lyophilization was 
only 18 per cent, there was no significant additional loss 
on storage of any of the strains. 

Virulence of lyophilized cultures. Table 6 presents some 
results, showing the difference in virulence between 
cultures stored in glass ampules and in rubber stoppered 
bottles. Immediately after reconstitution of cultures 
stored 9 months in rubber stoppered bottles, 77 
organisms constituted an LDs. while the LDs5o of 
cultures stored 15 months in glass ampules was only 
450 organisms. 

Of special interest is the observation that, as the 
interval between reconstitution of the lyophilized 
cultures and testing was increased (up to 32 hr), the 
virulence increased, approaching the original virulence 
of about 15 organisms per LDso. 

That this unexpected effect was not peculiar to one 
strain is shown in table 7. Furthermore, the number of 
organisms per LDs5o for guinea pigs as well as for mice 


TABLE 5 


Survival of various strains of lyophilized Pasteurella pestis 
during prolonged storage at 4 C 


Viable Cells Percentage Survival after Storage 
Strain before Lyo- 

philization* 135 

X 108 per ml! 0 day days 195 days | 450 days 
11 14 29 24 22 
10 25 30 20 23 
13 16 17 19 22 
4.5 33 42 21 50 
Tijwidej........... 2.3 122 | 19 | 8.4 | 13 
Bombay 22 10 13 7 10 
6.2 9.0; 10 ll 8.5 
Soemedang......... 8.8 30 36 15 15 
8.7 21 19 13 9.7 
Sere | 9.7 | 18 | 23 | 16 | 18 


* Six per cent lactose in 24; m phosphate buffer, pH 7.6, 
was added to an equal volume of each culture immediately 
before lyophilization in 6 ml Pyrex ampules, 0.5 ml per ampule, 
and stored at 4 C. 
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TABLE 6 
The effect of storage on viability and virulence of lyophilized cultures of Pasteurella pestis, strain 139L 
: Interval between Reconstitution and Titration* 
, 0 hr 2hr 4hr 32 hr 
' Organisms | Organisms Organisms | Organisms Organisms | Organisms Organisms Organisms 
per ml X 107) per LDso | per ml X 107| per LDso | per ml X 107) per LDso (per ml X 107| per LDso 
D 
| Immediately after lyophilization.......... 4.4 60 5.0 4.5 — 
x After 3 months in glass ampulesf......... 1.6 370 1.4 170 
€ After 6 months in glass ampulesf......... 2.1 220 — _ 2.2 35 — _ 
n After 15 months in glass ampulest........ 1.2 450 1.3 325 1.2 200 1.2 43 
;, After 7 months in bottlesf................ 3.1 1175 2.1 950 1.8 913 2.1 22 
ns After 9 months in bottlesf................ 1.8 7700 0.6 4000 0:7 1500 1.0 45 
* Reconstituted with distilled water and held at about 20 C. 

re + Lyophilized in 6 ml all-glass ampules, 0.5 ml per ampule and stored at 4 C. 
8. t Lyophilized in 60 ml Army style vaccine bottles, 5.0 ml per bottle, and stored at room temperature with rubber closure. 
is TABLE 7 
» Virulence in mice and guinea pigs of lyophilized Pasteurella pestis after 6 months’ storage* 
1e Strain 
on Substrain 122 of 139L 
ad Interval between Reconstitution and Titration sia asd (streptomycin resistant) 
es Organisms per — per LDso Organisms per Organisms per LDso Ciansiana per Organisms per LDso 
Mice Guinea pigs Mice | Guinea pigs | Mice | Guinea pigs 
of 220 | 600 1.8 1000 7000 8.4 | 90 | 2800 
ly 2.2 35 590 1.9 170 2000 7.2 250 1000 

140 6 40 120 4.5 130 220 70 550 
he Before lyophilization............... 44 12 32 82 12 —_— 120 110 | _— 
ed 


* The cultures were diluted by adding an equal volume of 6 per cent lactose in 2/15 m phosphate buffer, lyophilized in 6 ml glass 
he ampules, 0.5 ml per ampule, and stored at 4 C. 


= usually decreased as the interval between reconstitution 
me ail 4 VIRULENCE - and testing was increased. In all instances the virulence 
of the lyophilized culture was restored to its original 
be value by a single 24-hr subculture in HIB. 
ie 103 Figure 5 presents graphically the effect on viability 
and virulence of the temperature at which the recon- 

‘aie stituted cultures were held. The virulence of the recon- 

$ stituted cultures held at 0C increased more slowly 
than that of those held at higher temperature. However, 
both 0 and 32C were inferior to room temperature 
ays (18 to 22 C) for maintaining viability of reconstituted 
O WATER BATH 32 ¢ cultures. 

108 | 

ad 4 108 Discussion 
Optimal methods of lyophilizing cultures of P. pestis 
| VIABILITY = as described in this report may or may not apply to 
5 4°" other organisms. For instance, many investigators 
) 3 have found rapid freezing to be suitable for other or- 
.5 ae 2 ganisms, but contrariwise, as shown above, slow freezing 
7 10 increased survival of P. pesfis. The protective effect of - 
— sugars likewise differs. Various theories have been 
HOURS BETWEEN RECONSTITUTION AND TITRATION proposed to explain the role 
——— Figure &. The effect of temperature on virulence and vi- freezing. Fry and Greaves (1951) suggested that the 
7.6, ability of lyophilized cultures of Pasteurella pestis strain 139 L added sugar increased survival by retaining moisture 
ately at intervals after reconstitution with distilled water. The P : 
rpule, lyophilized cultures had been stored 9 months at room temper- and preventing over-drying of the cultures; however, 


ature in rubber stoppered bottles. the studies with P. pestis indicated that maintaining 
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osmotic equilibrium may be an alternative explanation. 
Osmotic pressure of protein solutions is generally 
affected by changes in temperature and pH. Since the 
relative rate of change in osmotic pressure of the bac- 
terial suspension would be decreased by adding sugar it 
would be expected, and has been demonstrated above, 
the protective effect of slow cooling is more pronounced 
in the absence of sugar. 

Meryman (1956), in his discussion of the process of 
freezing and its effect on living matter, indicated that 
slow freezing in the absence of colloids resulted in a 
concentration of electrolytes sufficient to injure living 
cells, whereas, the presence of sugar or glycerin pre- 
vented the concentration of these electrolytes. It is 
important to recognize that what has been referred to 
in this report as fast freezing is really slow freezing as 
defined by Meryman. It may be more realistic to 
consider 3 speeds of freezing: fast, slow, and very 
slow. Fast freezing would not benefit by the presence 
of sugar since the rate of freezing is so rapid that only 
minute crystals form and electrolytes are not concen- 
trated. The very slow freezing would, also, not benefit 
by the addition of a protective colloid if the rate of 
freezing were sufficiently slow to permit the cells to 
adjust to changes in electrolyte concentration. Only the 
slow (intermediate) rate would be benefited by the 
addition of sugar as suggested by Meryman (1956). 

Throughout this work two separate problems were 
considered: losses during drying and losses during sub- 
sequent storage. Often these losses seem to be corre- 
lated, but, as shown in figure 2, optimal conditions for 
drying were not necessarily optimal for prolonged 
storage. It was shown that glucose or sucrose could be 
substituted for lactose without decreasing survival 
during lyophilization, but significantly more cells 
survived prolonged storage in preparations containing 
sucrose or lactose than in those containing glucose. 
This would indicate that the protection of P. pestis 
during storage by sugars was not entirely dependent 
on the presence of colloid or moisture. 

Wasserman and Hopkins (1957) showed that under 
certain conditions the number of viable cells recovered 
from lyophilized Serratia marcescens was greater 
when reconstituted with 0.05 m malate than with water. 
Therefore it is possible that recovery of viable P. pestis 
might have been generally higher if conditions of 
rehydration had been optimal. The optimal conditions 
should define the rate of rehydration, diluent, composi- 
tion of the plating medium and temperature of incuba- 
tion as well as temperature and composition of the 
reconstituting fluid. 

The apparent loss of virulence of lyophilized cultures 
after prolonged storage may not be peculiar to P. pestis. 
Reconstituted cultures are seldom used directly; 
transplants to growth medium from lyophilized stocks 
are usually used instead. A possible explanation of our 


observations may be that lyophilization and storage in 
the dried state adversely affect the cells without 
destroying their viability in vitro. Such cells require 
some time to rehydrate or repair sublethal damage and 
when injected into an animal the majority of such 
damaged cells are destroyed by the host before they 
become fully reactivated and functional as infectious 
units. Hence the lower apparent virulence. 
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SUMMARY 


Survival of Pasteurella pestis during lyophilization 
was increased comparably by precooling the culture or by 
adding an equal volume of buffered lactose before snap- 
freezing. Shell-freezing with or without additives at 
—78 C resulted in significantly lower survival. Survival 
was the highest at about pH 7.6 but the concentration 
of phosphate buffer within limits was not critical. The 
volume of culture lyophilized per bottle was also not 
critical; about 50 per cent of the cells survived in 60 
ml bottles containing between 0.5 and 10 ml of culture. 

Survival of lyophilized P. pestis during prolonged 
storage was affected by moisture and perhaps air, and to 
a lesser extent by storage temperature. There was no 
appreciable loss in viability in glass-sealed vials during 
3 years’ storage at 4C while there was a log loss per 
year at room temperature. Viability in rubber stoppered 
bottles at room temperature decreased by approxi- 
mately 3 log per year. 

Addition of glucose, sucrose, or lactose increased 
survival during lyophilization. After storage for about 
1 month at room temperature, viability of cultures to 
which glucose had been added decreased as rapidly as 
those with no additives. After storage for 7 months, 
less than 10* cells remained viable, whereas, 10’ cells 
remained in similar cultures to which sucrose or lactose 
had been added. 

The virulence of lyophilized cultures which had been 
stored in rubber stoppered bottles for 9 months was 
approximately 10¢ organisms per immediately 
after -reconstitution but less than 10? organisms per 
LDs 24 to 32 hr after reconstitution with distilled 
water. 
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If combined irradiation-heat processing is applied in 
the canned food processing industry, it could be de- 
sirable to preirradiate the products in the raw state. 
For example, it is conceivable that canned meat might 
be irradiated at one geographical location and heat 
processed in another. This idea prompted an investi- 
gation of the effectiveness of combined irradiation-heat 
processing of ground raw beef artificially contaminated 
with Clostridium botulinum 213B spores. 


MATERIALS AND METHODS 


Lean ground beef was purchased locally from the 
University of Michigan Food Stores. As soon as the 
meat was ground, it was spread in shallow enameled 
pans and placed in an evacuation chamber. Here the 
dissolved metabolic gases were removed by evacuation 
to about 25 in. of mercury after which the vacuum was 
released. This was repeated 3 times. Next the ground 
beef was packed into no. 1 pienie tin cans, being careful 
to avoid air pockets. Some of the cans were equipped 
with Ecklund (1949) thermocouples. The cans of meat 
were now placed in the evacuation chamber, where the 
degassing procedure was repeated 3 times. The meat 
was kept at about 40 F throughout this process. Follow- 
ing degassing, the meat was inoculated at the approxi- 
mate geometrical center of each can with 1 ml of a 
spore suspension in distilled water. Finally the cans were 
sealed in a commercial type vacuum closing machine 
at a vacuum of about 26 in. of Hg. Experimental cans 
were then either irradiated or temporarily stored in a re- 
frigerator; controls were immediately placed in an 85 F 
incubator. Following irradiation, the canned meat was 
heat processed to the desired F, value and then quickly 
cooled to the incubation temperature by immersion in 
cold water; after this, the processed experimental 
cans were also incubated at 85 F. During incu- 


bation, all cans were examined daily for gas develop- 
ment as evidenced by swelling. Since C. botulinum 
213B spores were used as the inoculum, the develop- 
ment of toxin was also used as a criterion for C. botuli- 
num growth in some of the cans showing gas production. 
Mouse inoculation was used for this purpose as previ- 
ously described (Kempe ef al., 1954). 

Irradiation was carried out in the “center-well’’ of the 
large cobalt® gamma radiation source at the University 
of Michigan. For this work, eight cans were placed in 
the “center-well” along with sufficient Dry Ice to 
refrigerate the canned meat. The irradiation was al- 
lowed to proceed for the required time, based upon a 
gamma ray field intensity of approximately 130,000 rep! 
per hr in the center of the cans at the time these studies 
were made. Periodic verification of the dosage rate was 
made by ferrous-ferric sulfate dosimetry (Weiss, 1952) 
using ferrous sulfate solutions in glass vials placed in 
the center of the cans (Kempe ef al., 1954). 

Seven cans at a time were processed in a steam 
heated autoclave as previously described (Kempe ef 
al., 1957). During heating, the cans were immersed in 
a pail of water located inside the autoclave. Tempera- 
tures at the center of three cans were measured by 
Ecklund thermocouples; the other four were the experi- 
mental cans whose temperature variations were as- 
sumed to parallel those found in the cans of meat con- 
taining thermocouples. F, values were calculated by a 
graphical modification of Ball’s general method 
(Schultz and Olson, 1940). The Z value was assumed 
to be 18 for these calculations. 

The C. botulinum 213B spores used in this study were 


1 One rep is a dosage of ionizing radiation capable of pro- 
ducing energy adsorption of 93 ergs per g of tissue. Ferrous- 
ferric sulfate dosimetry was based on the oxidation of 15.4 
micromols of ferrous ions per L per 1000 rep. 
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prepared and counted according to the procedures 
of Reed ef al. (1951) with the slight modifications 
described in previous studies from this laboratory 
(Kempe ef al., 1954). 


RESULTS AND DISCUSSION 


Combined irradiation-heat processing treatments re- 
quired to sterilize raw-ground beef packed in no. 1 
picnic tin cans and inoculated with 5,000,000 C. botuli- 
num 213B spores per can are shown in figure 1 and 
table 1. The F, ranges shown were established under 
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Figure 1. Fo required to sterilize raw ground beef packed in 
no. 1 picnic tin cans, inoculated with 5,000,000 Clostridium 
botulinum 213B spores per can, and irradiated with gamma rays 
from cobalt® before heat processing at 230 F. 


the following conditions: the upper limit represents 4 
cans that showed no gas production at the indicated 
F. value and generally speaking at 1 or more higher 


TABLE 1 
Summary of various combined irradiation-heat processing 
treatments required to sterilize raw ground beef in no. 1 picnic 


tin cans previously inoculated with 5,000,000 Clostridium 
botulinum 213B spores per can 


Run No. Preirradiation, megarep F,* Range, Min 
RCB-1 None >0.74 
RCB-2 None 0.93-1.5 
RCB-3 1.400 0.13-0.28 
RCB-4 2.000 <0.033 
RCB-6 0.600 0.37-0.59 
RCB-7 1.000 0.14-0.33 
RCB-8 1.700 0.03-1.5 
RCB-9 0.700 0.39-1.1 
RCB-10 None 1.0-1.1 
RCB-11 2.750-3 .000 None 


* F, = the number of minutes required to sterilize the can of 
meat at 250 F when the Z value equals 18. 


TABLE 2 
F, values required to sterilize raw ground beef in no. 1 picnic 
tin cans, previously inoculated with 5,000,000 Clostridium 
botulinum 213B spores per can and then processed at 230 F 
Run No. RCB-3 


Can Size = No. 1 Pienie (211 X 400) 

Product = Raw ground beef 

Inoculum = 5,000,000 C. botulinum 213B spores 
per can 

Preirradiation = 1.400 megarep 

Processing Temperature = 230 F 


Incubation Temperature = 85 F 


0.13-0.16 1 4 
0.13-0.16 2 
0.13-0.16 3 6 
0.13-0.16 4 
0.29-0.34 5 
0.29-0.34 6 
0.29-0.34 7 
0.29-0.34 8 
0.06-0.09 9 4 
0.06-0.09 10 6 
0.06-0.09 11 4 
0.06-0.09 4 
0.22-0.28 13 
0.22-0.28 14 
0.22-0.28 15 
0.22-0.28 16 
Controls: 
No heat process, but irradiated 27 4 
with 1.400 megarep 28 5 
29 5 
30 4 
Neither heat nor irradiation 17 1 
process 18 1 


Conclusion: Under these conditions raw ground beef was 
sterilized by 1.400 megarep preirradiation plus an F. between 
0.13 and 0.28. 
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values; the lower level was set by 1 or more of the 4 cans 
at the F,. producing gas, with all cans at lower F, levels 
also developing gas. Data for a characteristic run are 
shown in table 2. It must be pointed out that this 
treatment will not sterilize canned food containing 
more resistant bacterial spores such as those of putre- 
factive anaerobe (PA) 3679. Results with these spores 
will be forthcoming in another paper. 

When these studies were undertaken, a reasonable 
question was posed concerning the possibility that cer- 
tain components of raw foods might reduce the lethal 
and sensitizing effects of gamma radiation previously 
described for C. botulinum spores (Morgan and Reed, 
1954; Kempe, 1955). This question became even 
more pertinent when Williams and Kempe (1957) 
showed that catalase reduced the lethal activity of 
gamma radiation for C. botulinum and PA 3679 spores 
suspended in phosphate buffer. 

Nevertheless, the data presented here indicate that 
preirradiation treatment is equally as effective in raw 
meat as it was previously shown to be in cooked meat 
(Kempe ef al., 1957) insofar as the reduction of the 
heat. processing treatment subsequently required to 
produce sterility is concerned. For example, an F, of 
approximately 0.2 was required to sterilize both raw and 
cooked ground beef that contained approximately 
5,000,000 C. botulinum 213B spores per can and that 
had been preirradiated with 1.3 megarep of gamma 
radiation. 

It should be noted, however, that the cans of cooked 
meat previously used were incubated at 99 F whereas 
the raw meat data taken for the present paper are 
based on incubation at 85 F. Some workers have indi- 
cated increased resistance of anaerobic bacterial spores 
in foods at lower incubation temperatures in the range 
of 75 to 99 F (Townsend ef al., 1938). However, there 
appears to be no significant difference between the com- 
bined irradiation-heat processing treatment required 
to sterilize ground beef as reported in this paper for 
raw meat incubated at 85 F when compared to cooked 
meat incubated at 99 F as previously reported (Kempe 
et al., 1957). Therefore, should combined irradiation- 
heat processing of canned meat become an industrially 
acceptable process, it would appear possible to irradiate 
canned meat at one geographical location and transport 
it, under refrigeration, to another place for the neces- 
sary heat processing. 
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SUMMARY 


Raw ground beef packed in no. 1 picnic tin cans and 
inoculated with 5,000,000 Clostridium botulinum 213B 
spores per can was sterilized with an F, of 0.2 following 
irradiation with 1.3 megarep of gamma rays from 
cobalt®. This is similar to the combined irradiation- 
heat processing treatment required to sterilize cooked 
ground beef similarly inoculated with C. botulinum 213B 
spores. It would thus appear that enzymes and other 
substances present in raw meat do not significantly 
alter the combined irradiation-heat processing schedules 
previously reported for cooked ground beef similarly 
inoculated with these spores. Therefore, if combined 
irratiation-heat processing of canned meat should 
become an industrially acceptable process, it would ap- 
pear possible to irradiate raw food at one location and 
then transport it, under refrigeration, to another place 
for the heating portion of such a combined processing 
treatment. 

The combined processing treatments described are 
not sufficient to sterilize canned foods containing putre- 
factive anaerobe 3679 spores; this will be discussed in a 
future paper. 
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IMPROVEMENT OF UMAGIS* Mreprum—A MeEpbIvuM For 
SINGLE-TUBE DIFFERENTIATION OF ENTERIC 
BaAcTERIA 


By comparing the batches of UMAGIS medium pre- 
pared in our laboratory in the years 1953 to 1954, it 
was observed that the slow H.S formers such as 
Salmonella typhosa gave poor H2S formation. Since all 
the compounds except the sulphur containing ones are 
stable, an attempt was made to reactivate the me- 
dium by the addition of freshly prepared sodium sul- 
phite and sodium thiosulphate. The results were 
excellent. 

For a very sensitive and reproducible medium, inde- 
pendent of storage time and suitable for the detection 
of slow H.S forming bacteria, we recommend the fol- 
lowing improved formula: 


A. Composition of improved UMAGIS medium. 


5 
Iron-ammonium-citrate................... 0 
0 


The ingredients listed are mixed thoroughly in a mortar, 
with special care taken to mix the iron-ammonium- 
citrate, mannitol, sodium carbonate and phenol red to 
an even distribution. The mixture is then shaken in a 
flask on an electric shaker. It has proved advantageous 
in practice to prepare the dry stock medium in a 10- 
to 20-fold quantity in order to have a mixture of 
constant composition for repeated use. The dry mixture 
keeps well on storage. For the preparation of 100 ml of 


1 This work was done on a research grant from the Hebrew 
University Hadassah Research Fund. 

2 Associate clinical professor of biochemistry, Hadassah 
Medical School, Hebrew University, Jerusalem. 

3 Name derived from characteristics which it differentiates: 
Urease production, Acid or Alkali production, Gas generation, 
Indol formation, and hydrogen Sulfide formation in a Manni- 
tol-containing medium (Rappaport et al., 1956). 
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medium, 4.27 g of the mixture are dissolved in distilled 
water by heating gradually to boiling. There is no pH 
adjustment as the sodium carbonate content ensures 
the necessary pH of 7.6 to 7.8. The medium is dis- 
pensed in test tubes (100 by 12 mm) in quantities of 
2.5 to 3 ml, and is autoclaved at 15 lb steam pressure 
for 20 min. As mannitol is thermostable, it is not de- 
composed. 

B. Urea-thiosulphate solution. Fifteen g of NasS2O3 are 
dissolved in 100 ml of urea solution (50 g in 100 ml of 


TABLE 1 
Differentiation of intestinal bacteria by UMAGIS medium 


Intestinal Bacteria Mannitol* Pr 
AG + 
Salmonella typhosa............... A Ring - 
Salmonella paratyphi A........... AG - 
Salmonella paratyphi B........... AG + - 
Shigella shiga (S. dysenteriae)....| 0 - - 
Shigella ambigua (S. schmitzii)...| 0 - 7 


* A, acid production; G, gas production; Alk, alkaline; 0, 
no change; +, positive; —, negative. 


ge 


Figure 1. Appearance of modified UMAGIS medium inoc- 
ulated with various intestinal bacteria, from left to right: 
Escherichia coli, Proteus vulgaris, Proteus retigeri, Salmonella 
iyphosa, Salmonella paratyphi A, Salmonella paratyphi B, 
Shigella shiga (S. dysenteriae), Shigella flexneri, and Shigella 
ambigua (S. schmitzii). 
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distilled water). This solution becomes sterile after 
standing 24 hr at room temperature. It should be stored, 
in previously sterilized dropper bottles, in the re- 
frigerator. This solution is very stable. On the day of 
use or just before use, the medium in the test tubes is 
remelted. While still hot, one drop (approximately 
0.03 ml) of urea-thiosulphate solution is added asep- 
tically, mixed thoroughly, and the tubes slanted. When 
working with greater quantities of medium, one drop 
is added for every 3 ml of solution. To avoid loss of 
time (in waiting for the slants to solidify), the slanted 
test tubes may be placed on small trays (prepared from 
any tin box covers and plasticin to hold the test tubes 
in place) and placed under the freezer unit of the 
refrigerator. 

Sodium thiosulphate, crystalline, was chosen be- 
cause the solution becomes turbid on deterioration, 
thus indicating that it must be discarded and a fresh 
one prepared. Deterioration of sodium sulphite solu- 
tion can only be detected by chemical analysis. 

The remainder of the procedure and reading of the 
test remain the same as in the previous publication 
(Rappaport e al., 1956). Results obtained with a 
series of intestinal bacteria on the modified UMAGIS 
medium are shown in table 1. The appearance of the 
UMAGIS tubes is shown in figure 1. 


IMPROVED MEDIA FOR THE DIFFERENTIATION OF 
PATHOGENIC ESCHERICHIA COLI (SEROTYPES 
O 111 anp O 55) 


Rappaport and Henig (1952) reported on a medium 
of sorbitol-iron-agar which made possible the differ- 
entiation between nonpathogenic and pathogenic £. 
coli. Freshly isolated pathogenic F. coli do not decom- 
pose sorbitol aerobically in agar-iron medium and do 
not produce gas anaerobically. 

Based on experience with the UMAGIS medium, a 
sorbitol-iron-agar medium was prepared which simul- 
taneously allowed the recognition of acid and gas 
generation, H.S production, urea decomposition, and 
indole formation. This enables one to reject micro- 
organisms which grow colorless on sorbitol agar plates 
and which are nonpathogenic £. colt. 

The improved medium is as follows: 


g 
Tryptone (Difco) or Trypticase (BBL)... .. 150 
Ferric-ammonium-citrate green scales. ..... 1 


The ingredients are thoroughly mixed in a mortar and 
are shaken in a flask on a shaking machine until a 
homogeneous powder is obtained. When ready for use, 
4.2 g of the powder are dissolved in 100 ml of distilled 
water, heated to boiling, and dispensed in small test 
tubes in quantities of 2.5 to 3 ml. Sterilize in autoclave 
for 20 min at 15 lb steam pressure. On the day of use, 
the medium is remelted, one drop of urea-thiosulphate 
solution is added, the contents are mixed, and the 
tubes are slanted. 

The remainder of the procedure and reading of the 
test are the same as in the previous publication (Rap- 
paport and Henig, 1952). 


SUMMARY 

Two improved, polytropic media for the differentia- 
tion and identification of enteric pathogens are de- 
scribed. An improvement in the preparation of the 
UMAGIS medium (urea splitting, acid and gas gen- 
eration, indole and H.S formation in a mannitol con- 
taining medium) has been achieved by the separate 
addition of sodium thiosulphate (Na2S.03) dissolved 
in concentrated urea solution. This procedure avoids 
difficulties arising from the deterioration of sulphur 
containing compounds on prolonged storage of the 
medium in powder form and during prolonged steriliza- 
tion. The improved sorbitol-iron agar medium enables 
one to reject colonies of microorganisms that are color- 
less on sorbitol-agar plates as nonpathogenic L. coli, 
and to identify the pathogenic EF. colt. 
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Bacteriologists have used turbidimetric estimation 
of bacterial growth for many years. With the advent of 
the photoelectric and spectrophotometric methods, the 
precision of such measurements was improved. Gavin 
(1957) has discussed in detail certain fundamental 
considerations of the turbimetric method. In common 
with most growth measurements, final population 
densities were the common criterion used. Hourly 
readings, for example, entailed a great deal of tube 
handling plus the need for constant attention by labora- 
tory personnel. This paper describes the assembly from 
readily available equipment of a device for recording 
automatically the turbidity of a large number of 
culture tubes at hourly intervals throughout the incu- 
bation®period. 


MATERIALS AND METHODS 


The assembly consists of a recording potentiometer 
connected to a photocell for recording the light intensi- 
ties passing through culture tubes. The culture tubes 
move through the light path so that sequential read- 
ings are recorded for 62 tubes held and rotated in a 
fraction collector with each rotation of the reel taking 
1 hr. This gives one reading per culture tube each 60 
min. Each of the component parts will be described in 
detail. Sources of the particular instruments used for 
the data to be reported are listed in table 1. 

A. The sample changing system. Any mechanical ar- 

1Contribution No. 331, Department of Bacteriology, 


Kansas Agricultural Experiment Station, Manhattan, Kansas. 


TABLE 1 


Component parts used in the assembly of the automatic turbidity 
recording equipment 


Part Model Source 


Misco, timed 
cycle 


Microchemical Spe- 
cialities Co., 
Berkeley, Cal- 
ifornia 


Fraction collector 


Photocell Bradley Luxtron | Allied Radio, Chi- 
cago, Illinois 
Constant voltage Sola Allied Radio, Chi- 
transformer cago, Illinois 
Recording poten- Weston Model C. B. Fall, St. Louis, 
tiometer 6701 Missouri 
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rangement by which the tubes are passed through the 
light beam at regular intervals (or continuously at a 
constant rate) may be used. This allows wide varia- 
tion in the number of tubes and the time of the reading 
intervals. A major requirement of the sample changer 
is that the tubes be held securely and that each tube 
line up properly in the light path at the recording time. 
A set of optically matched culture tubes must be se- 
lected. Care must be taken at all times to maintain 
optical uniformity of the culture tubes. 

B. The optical and recording systems. The light source 
must give as nearly constant output as possible. An 
ordinary 32 candlepower automobile headlight lamp 
connected to a 6 volt output of a constant-voltage 
step-down transformer gave satisfactory performance. 
A condensing lens and optical slit served to concentrate 
and guide the light through the center portion of the 
culture tube as shown in figure 1. The tube itself acted 
as a lens. The photocell was located just beyond the 
focal point of the light. The distance of the surface of 
the photocell from the culture tube may be varied to 
regulate the output of the photocell and also alter the 
sensitivity of the system. 

self-generating selenium barrier-type photocell 
converted the light energy to a measurable electrical 
output. A variable resistor served to match the output 


Figure 1. Optical system showing relative positions of the 
light source (L), condensing lens (CZ), light slit (LS), culture 
tube (CT), and the active surface of the photocell (PC). 
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of the photocell to the input capacity of the recording 
potentiometer. Obviously many variations are possible 
in the optical, sensing, and recording systems. 

The recording potentiometer had a range capable of 
handling input currents varying from 0 to 50 micro- 
amperes. The chart, calibrated from 0 to 100 to corre- 
spond to transmittance values, moved at a rate of 10 
in. per hr. 

(’. Consideration of suitable culture media and cultures. 
Almost any transparent liquid that supports microbial 
growth might be used as the medium. Since change in 
color would interfere with turbidity measurements, in- 
dicators should be omitted from the broth to be used. 
While many microbial species can be studied, there are 
limiting factors. Since oxygen would be a limiting 
factor in most broth cultures, facultative or micro- 
aerophilic types in a carbohydrate-rich broth give the 
highest concentration of cells in the medium. 

During the development of this device, optimum 
conditions of temperature, media, and so forth, 
were maintained so that rapid growth took place with 
growth rate slowing down by the end of 24 hr. Under 
these conditions, changes in turbidity readings due to 
settling of nonmotile cells could not be detected. For 
longer experimental periods, or for cells which tend to 
settle, the incorporation of a magnetic stirring set-up 
just preceding the entrance of the tube into the meas- 
ured light path would insure uniform cell suspensions 
at the time of measurement. 

While transmittance percentages may be useful for 
certain types of research, the preparation of standard 
curves relating transmittance to known cell numbers 
is desirable in most cases. The hourly turbidity read- 
ings from the recorder chart can then be converted into 
cell numbers. The use of a number of replicates in the 
sample changer during the preparation of the standard 
curve allows statistical evaluation of the data. 


RESULTS 


Growth curves were prepared from a number of 
common bacterial species to demonstrate the use of 
the equipment. Satisfactory results were obtained using 
Aerobacter aerogenes, Agrobacterium radiobacter, Alca- 
ligenes faecalis, Escherichia coli, Lactobacillus casei, 
Pseudomonas aeruginosa, Rhizobium meliloti, and Sal- 
monella pullorum (S. gallinarum). The results of a 
typical experiment showing growth of FZ. coli at various 
pH levels in nutrient broth buffered with m/10 Soren- 
son’s buffers are shown in figure 2. 

Since microbiological assay of vitamins and amino 
acids are often based upon turbidimetric measurements, 
several experiments were conducted to determine the 
Suitability of the device for such determinations. Figure 
3 shows results of a test with L. casei growing in differ- 
ent known levels of nicotinic acid in the nicotinic acid 


assay medium of Snell and Wright (1941). Although 
the slope of the growth curve during the logarithmic 
phase is different with the various levels of the deficient 
vitamin, the results indicate that the final turbidity 
readings may be more closely proportional to the con- 
centration of the limiting nutrient than the growth 
rates. This is in agreement with the suggestions of 
Gavin (1957). 


20.0 + 
PH 7.0 
PH 6.0 
19.5 
PH 5.0 
NAT. 
LOG 
OF 190 
NO 
OF 
CELLS 18.5 
18.07 
75 
° 4 8 12 16 20 


TIME IN HOURS 


Figure 2. Growth of Escherichia coli at three pH levels in 
buffered nutrient broth. 
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Figure 3. Growth response of Lactobacillus casei to different 
amounts of nicotinic acid added to 25 ml of nicotinic acid 
deficient medium. 
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SUMMARY 


The assembly of an automatic turbidity recording 
device is described. Typical experiments and results 
are presented indicating the usefulness of this equip- 
ment in the study of growth rates in liquid culture and 
in microbiological assay procedures. 
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A wide variety of materials used in manufactured 
items are subject to microbiological deterioration. 
Those materials which are of chief concern include tex- 
tiles and cordage, paper, leather, paints, plastics and 
plasticizers, rubber, waxes, and wood. The organisms 
responsible for microbiological deterioration, their 
mode of attack, and effects on materials, have been 
reviewed (Greathouse ef al., 1951; Greathouse and 
Wessel, 1954). 

The preservatives commonly in use today are 
chiefly organic compounds or metallo-organic com- 
pounds which are either incorporated into a material 
during its manufacture or applied as an after-treatment 
to manufactured material. Of the limited number of 
practical fungicides, there are instances when many of 
these compounds have undesirable properties such as 
deteriorating influences on rubber or other materials, 
color, toxicity to handlers, cost, or lack of permanence. 

The chief nonclinical uses for antibiotics are for agri- 
cultural purposes (Leben and Keitt, 1954; Croxall, 
1956; Lees, 1956; Rhodes, 1956) in preventing plant 
infections and in the field of food preservation (Wren- 
shall, 1957). There is almost no published literature on 
the use of antibiotics for the prevention of fungal de- 
terioration of manufactured materials. The fact that 
certain antibiotics are effective against microorganisms 
at low concentrations, and may be safe for handling of 
treated materials insofar as skin irritation problems are 
concerned, makes them of special interest in deteriora- 
tion problems. Those antibiotics reported to have good 
antifungal properties, as well as some antibiotics availa- 
ble only recently, were selected in order to determine 
their effectiveness in fungusproofing several representa- 
tive types of manufactured materials in preliminary 
tests. 

1 Presented before the Division of Agricultural and Food 


Chemistry at the 132nd Meeting of the American Chemical 
Society, New York, New York, September 8 to 13, 1957. 


An evaluation of the relative fungitoxicity of the 
selected antibiotics was first made by a pure culture 
test using the shake flask method and a glucose-salts 
medium. For the tests on materials, several representa- 
tive types of industrial materials were used: filter 
paper, representative of cellulosic materials; castor oil, 
representative of oils and plasticizers; and glue-bonded 
cork, whose binder is representative of. proteinaceous 
materials. 


MATERIALS AND METHODS 
Glucose-Salts Shake Culture Test 


The antibiotics which were being considered as pre- 
servatives for industrial materials were first evaluated 
as inhibitors of fungus growth by means of the shake 
culture technique. Each of the test compounds was 
added directly to 50 ml of sterile glucose-mineral salts 
medium in 250 ml Erlenmeyer flasks. 


Glucose-salts medium: 


0.02 


Distilled water, 1000 ml. Sufficient KOH to make pH = 
6.3 after sterilization. 


The antibiotics were used as supplied by the manu- 
facturers or cooperating research laboratories without 
further purification. The compounds and their purity, 
wherever known, are listed in table 1, together with 
experimental results. Two of these compounds, 6-chloro- 
ethyl mucochlorate and mucochloric acid, are not 
antibiotics but are of value because of previously 
demonstrated antifungal properties (Unpublished Ob- 
servations, H. D. Brown). Four flasks were prepared 
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for each compound evaluated and sufficient antibiotic 
was added to each flask to give a concentration of 250 
ug per ml of the antibiotics, as received. More effective 
compounds were also evaluated at lower concentra- 
tions. The flasks were inoculated with 1 ml of a spore 
suspension prepared from a 10-day old slant culture of 
Aspergillus versicolor (Frankford Arsenal strain no. 483) 
previously grown on potato-dextrose agar. The spore 
suspension was prepared by scraping the surface of the 
agar slant to which 5 ml of sterile water was added 
previously. The spore suspension was poured off into 
a 30 ml vial containing a few 5 mm solid glass beads 
and shaken to break up the spore clumps. The spore 
suspension was then filtered through sterile glass wool, 
centrifuged, washed, centrifuged and resuspended in 10 
ml of sterile distilled water. The spore count was ad- 
justed with sterile water to make a suspension contain- 
ing 10° spores per ml. After inoculation, the flasks were 
incubated on a rotary shaking machine at 30 C. A flask 
was removed at 2 to 4 day intervals for each test com- 
pound being evaluated. The dry weight of mycelium 
formed was determined by filtering the flask contents 
through a medium porosity fritted glass crucible, wash- 
ing the mat with water, and weighing the crucible after 
drying for 3 hr at 105 C. 


TABLE 1 
Inhibition of fungus growth (Aspergillus versicolor) by anti- 
biotics in shake-culture test. Maximum weight (mg) of mycelial 
mats formed during 10 day incubation period 


Antibiotic Concentration in Medium 


Compound (Activity) 
| 


250 ug/ml | 125 ug/ml 25 ug/ml 
A. Effective Inhibitors 
| mg | mg | mg 
Antibiotic 3 | 0 0 
Filipin (97.8%)............. } 2 | 10 7 
Rimocidin (760 ug/mg)...... 0 37 
~ Mycostatin (2500 units/mg). . 8 | — | 146 
Hungichromin. 10 2 «153 
8-Chloroethyl mucochlorate. | 0 282 «558 
Endomycin (100%).......... 69 96 | 225 
Ustilagic acid............... | 6 | — | 838 
Antibiotic C-160............. | 191 | 
Control (No compound)...... |} 538 | 


B. Ineffective Inhibitors at 250 ug/ml of Antibiotics 


mg mg 
Cycloserine............ 318 | Mucochlorie acid. ....... 464 
Streptovaracin......... 323 | Penicillin (1666 units/ 
Thiolutin (100 ug/mg)..| 431 | Mycolutein.............. 508 
Neomycin.............. 447 | Streptomycin............ 528 
439 | Actidione (85-100%) ..... 554 
Oligomycin (1065 units Eulicin sulfate (300 | 
Puromycin............. 452 | Control (No Compound).) 538 
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Soil Burial Test of Filter Paper Treated with 
Antibiotics 

To determine the effectiveness of antifungal anti- 
biotics as preservatives for cellulosic type materials, 
Whatman no. | filter paper was used as the substrate. 
The antibiotics were dissolved in appropriate solvents 
and 0.2 ml of antibiotic solution was pipetted onto 1 
by 3 in. strips of filter paper. When the antibiotic was 
not sufficiently soluble, one or more applications were 
made of an appropriate lower concentration. The 
strength of the solutions was adjusted so that the 
treated papers contained 0.5, 1, or 2 per cent of anti- 
biotic, based on the weight of the paper. The treated 
papers were air dried and evaluated for fungus resistance 
by means of a 1 week soil burial test. Three replicate 
specimens for each treatment were buried horizontally 
in biologically active soil in enamel pans and incubated 
at a temperature of 27 to 30 C with the soil moisture 
kept at approximately 30 per cent. The soil beds were. 
composed of equal parts of humus, topsoil, and sand. 
The cellulolytic activity of the soil was such that 10- 
ounce cotton duck lost 100 per cent of its breaking 
strength after burial for 7 days in these soil beds. After 
1 week, the antibiotic-treated filter paper specimens 
were removed from the soil and their breaking strengths 
were determined according to TAPPI Method T404m- 
50 (TAPPI, 1950). 


Fungus Resistance of Castor Oil Containing Antibiotics 


The antibiotics and fungicides used for comparison 
were incorporated into castor oil (USP) to provide three 
concentrations, 0.5, 1, and 2 per cent of antibiotic or 
fungicide by weight. The test compounds were ground 
to a fine particle size with a mortar and pestle and 
thoroughly mixed with the castor oil. Some of the com- 
pounds were insoluble in the oil, in which case disper- 
sions were used. The fungicides copper-8-quinolinolate 
and phenyl mercury quinolinolate were also evaluated 
at two lower concentrations, namely 0.1 and 0.05 per 
cent. Hypodermic syringes were used to pipette 1 ml of 
the various oil formulations onto the center of the 
surface of sterile nutrient salts agar previously solidified 
in Petri dishes. 


Nutrient-salts agar medium: 


Distilled water, 1000 ml, pH after sterilization = 6.4. 
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Three replicate plates for each compound were inocu- 
lated with a mixed, washed spore suspension consisting 
of the following organisms: Trichoderma sp. (Frank- 
ford Arsenal strain no. 69), Aspergillus niger (no. 81), 
Aspergillus flavus (no. 70), and Penicillium funiculosum 
(no. 71). 

The agar surface and oil drop were inoculated by 
spraying with the mixed spore suspension, as described 
previously (Ross ef al., 1956). The inoculated plates 
were incubated for 6 weeks in a constant temperature 
incubator maintained at 29 + 1C and 95 per cent 
relative humidity. 


Fungus Resistance of Antibiotic Treated Cork 


Specimens of 146 in. thick glue-bonded cork were 
cut into strips 14 by 2 in., and a hole was punched in 
one end of each specimen, enabling it to be suspended. 
The test compounds were dissolved in the appropriate 
solvent according to their solubility characteristics. The 
cork specimens were immersed in each solution for 5 
min, removed, allowed to drain, and weighed to de- 
termine the per cent “addon”’ of antibiotic or fungicide 
based on the wet pickup. The specimens were then al- 
lowed to air dry for a week. They were inoculated by 
spraying with a spore suspension similar to that 
described for the castor oil test. 

Three replicate inoculated specimens were incubated 
in individual incubation chambers, which consisted of 


TABLE 2 


Effectiveness of antibiotics or fungicides in preventing microbial 
deterioration of filter paper after a 1 week soil burial test 


Per Cent Strength Retained by Antibiotic Treated Filter Paper (Avg of 3 
eplicates) 


A. Effective Inhibitors 


0.5 % Endomycin....... 61 | 2% Actidione............ 71 
2% Endomycin.......... 72 | 2% Antibiotic C-59...... 44 
05% Pilipin............ 70 | 2% B-chloroethyl muco- 
0.5% Fungichromin..... 65 | 2% Bulicin SQy.......... 44 
2% Fungichromin....... 81 | 2% Mucochloric acid..... 43 
0.5% Thiolutin.......... 62 | 1% Rimocidin........... 62 
1% Thiolutin............| 81 
Fungicides 
0.5% Copper-8-quino- 0.5 % Pheny] mercury qui- 
74 molinolate. ............ 82 
1.0% Copper-8-quino- 0.5% Compound G-4..... 72 
eS ere 90 | 2% Compound G-4....... 87 


B. Ineffective Inhibitors at 2% Antibiotic Concentration 


Anisomycin Netropsin SO, 
Antibiotic C-160 Oligomycin 
Ascosin Penicillin 
Ayfactin Puromycin 
Mycolutein Streptomycin 
Mycostatin Ustilagic acid 
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16 ounce French Square bottles with plastic screw caps, 
from which the cork specimens were suspended by 
means of chromel wire. The relative humidity in the 
jar was kept at a nominal 100 per cent by adding about 
a l-in. layer of water to each jar before sealing it. Speci- 
mens were incubated at a temperature of 29 =- 1 C for 
a period of 6 weeks. 


RESULTS AND Discussion 


The results of the glucose-salts shake culture test are 
shown in table 1. The highest weights of the mycelial 
mats that formed during the 10-day incubation period 
are listed in order to show the relative inhibition of 
fungus growth of A. versicolor by 25 antibiotics. These 
antibiotics which were effective inhibitors (shown by 
lowest mat weights) are shown in part A of the table, 
and those ineffective are grouped in part B of the table. 
The most effective antibiotics based on the results of 
this test were antibiotic C-59, filipin, rimocidin, myco- 
statin, fungichromin, netropsin sulfate, and @-chloro- 
ethyl mucochlorate. Endomycin and ustilagic acid were 
only partially effective at 250 ug per ml. The remainder 
of the antibiotics were noninhibitory. 

Table 2A lists the susceptibility to microbial attack 
of the antibiotic treated filter papers as measured by 
the effect on their breaking strengths after the 1 week 
soil burial test. Untreated filter paper and controls 
treated with the various solvents used were completely 
decomposed during the incubation period. The reten- 
tions of breaking strength in per cent of the exposed 
specimens, compared to unexposed specimens, are 
listed for the various antibiotic treatments. The most 
effective antibiotics were endomycin, filipin, fungi- 
chromin, and thiolutin. Table 2B lists the ineffective 
antibiotics. The soil burial test is a severe test which 
exposes the test specimens to actinomycetes and bac- 
teria, as well as fungi, present in the microbial popula- 
tion of the soil, and does not limit the test to any par- 
ticular organisms. 

It appears that some of the antibiotics compare 
rather favorably with the fungicides included in the 
test (copper-8-quinolinolate, phenyl mercury quinolino- 
late, and Compound G-4). It should be noted, how- 
ever, that in these tests on materials no attempt was 
made to determine the degree of permanence of the 
treated papers, such as would be shown by water 
leaching or heating prior to the soil burial test. An 
investigation of these properties is essential before 
any fungicide could find practical application. 

Plain castor oil supports heavy fungus growth after 
a 1 week incubation period, and generally the fungus 
susceptible castor oil containing formulations de- 
veloped moderate to heavy fungus growth after 1 or 2 
weeks of incubation. None of the antibiotics were any- 
where near as effective as the two quinolinolate com- 
pounds, copper-8-quinolinolate or phenyl mercury 
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quinolinolate, both of which inhibited fungus growth 
on castor oil completely at a concentration of 0.05 per 
cent. The best of the antibiotics was endomycin, which 
was inhibitory at 1 per cent and partially inhibitory 
at 0.5 per cent. Fungichromin was completely inhibi- 
tory at 2 per cent, but only partially inhibitory at the 
lower concentrations. Five of the compounds showed 
only very limited inhibition of growth at best. These 
were 6-chloroethyl mucochlorate, filipin, mucochloric 
acid, netropsin sulfate, and rimocidin. All the rest of 
the antibiotics were completely ineffective in prevent- 
ing the development of fungus growth on castor oil. 
Figure 1 shows the development of fungus growth on 
plain castor oil, on an ineffective antibiotic formula- 
tion containing actidione, and on an ineffective formu- 
lation containing the fungicide p-nitrophenol. Although 
p-nitrophenol was not very effective as a preservative 
for castor oil in this test, it is effective as a protectant 
for proteinaceous materials such as leather and glue- 
bonded cork, and is widely used. The oil specimens 
containing the antibiotic endomycin or the fungicide 


copper-8-quinolinolate were free of fungus growth. The 
opacity of the actidione-oil mixture is due to the in- 
solubility of the antibiotic in the oil. 

The extent of mold growth which developed on the 
glue-bonded cork specimens treated with the various 
effective antibiotics is shown in table 3A. Plain cork 
supports heavy fungus growth after 1 week and the 
entire surface of untreated control specimens are cov- 
ered with mold after the second week of incubation. A 
series of control specimens was prepared with only the 
solvents used to dissolve the test compounds. After 
thorough drying to remove the solvents these specimens 
were exposed to fungi as were the antibiotic treated 
specimens. All the solvent treated controls supported 
heavy fungus growth after 2 weeks, except for cork 
treated with formamide alone which developed only a 
trace of growth after 4 weeks. Therefore, the absence of 
fungus growth in the case of the thiolutin treated cork 
may be due to the solvent, formamide, or to a combina- 
tion of the antibiotic and solvent. Formamide was used 
since it was the only available solvent for thiolutin. 


-05% Copper 
-8-quinolinolate 


2% Actidione 


1% Endomycin 


1% P-nitrophenol 


Plain castor oil 
(Unincubated) 


Plain castor oil 


Figure 1. Fungus growth on castor oil containing antibiotics or fungicides after 6 weeks’ incubation at 29 C and 95 per cent rela- 
tive humidity on nutrient salts agar medium. Plain unincubated castor oil is shown for comparison. 
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Formamide is a very high boiling liquid, 210.5 C at 
760 mm and it probably did not evaporate from the 
treated cork. Only one of the antibiotics, rimocidin, at 
0.4 per cent, was completely inhibitory at the lowest 
level for 6 weeks and at 1 per cent was effective for 8 
weeks. 8-Chloroethyl mucochlorate and mucochloric 
acid were fairly effective. None of the antibiotics were 
as good as the quinolinolate fungicides or p-nitrophenol, 
all of which were effective for 12 weeks at 0.5 per cent. 
Endomycin, filipin, fungichromin, and mycostatin 
were only partially inhibitory. The fungicide, o-phenyl- 
phenol was ineffective. The ineffective antibiotics are 
shown in table 3B. 


TABLE 3 


Fungus susceptibility of protein-bonded cork treated with anti- 
bictics or fungicides. Inoculated with mixed, fungus spores 
and incubated 6 weeks in humid jars. (Avg of 3 replicates) 


| 
Growth 
A. Effective Inhibitors 
0.4% 8-chloroethyl 1% Endomycin....). +++ 
mucochlorate....... 
1% B-chloroethyl 2% Endomycin.... + 
mucochlorate....... | 
0.5% Mucochloric acid.| + | 2% Filipin......... +++ 
1% Mucochlorie acid. . 2% Fungichromin. . aeok 
0.4% Rimocidin....... 0° 1% Mycostatin....); +++ 
0.6% Thiolutin........ 0 2% Mycostatin.... + 
0.5% Phenyl mercury 
8-quinolinolate...... 0° 
0.5% Copper-8-quino- 2% o-Pheny!l- 
0.5% p-Nitrophenol...| 0° Plain cork. ........ 


B. Ineffective Inhibitors (Treated at Approximately 2% 
Antibiotic Level Unless Indicated Otherwise) 


Actidione Mycolutein (1%) 
Anisomycin Netropsin SO, 
Antibiotic C-59 Oligomycin 
Antibiotic C-160 Penicillin 
Ascosin Puromycin 
Ayfactin Streptomycin 


Eulicin SO, 


* Fungus Growth Code: 


0 = No growth on surface of specimen. 
+ = Trace of growth, up to 5% of surface moldy. 
++ = 5to 25% of surface moldy (light growth). 
+++ = 25 to 50% of surface moldy (moderate growth). 
+4+++ = 50 to 75% of surface moldy (heavy growth). 
++++4+44 =75 to 100% of surface moldy (very heavy 


growth). 
= 2% B-Chloroethyl mucochlorate was effective after 12 


>» = 1% Mucochlorie acid was effective after 12 weeks. 
¢ = 1% Rimocidin was effective until 8 weeks. 

0.6% Thiolutin was effective after 12 weeks. 

Still effective after 12 weeks. 


Over-all Effectiveness of Antibiotics 


There were five antibiotics among those evaluated 
which were good inhibitors of fungus growth in at least 
two of the four tests used, and fair inhibitors in the 
two remaining tests. These were fungichromin (a 
good inhibitor in three tests, fair in the cork test), 
filipin, endomycin, rimocidin, and 6-chloroethy! muco- 
chlorate. Thiolutin was a good inhibitor in two tests 
(filter paper and cork tests), but was ineffective in the 
other two tests (glucose-salts and castor oil tests). The 
remaining less effective antibiotics varied in their 
specificity as inhibitors of microbial attack on the 
several types of materials evaluated. This variability 
was not unexpected since many currently used fungi- 
cides find specific application in the preservation of one 
or more similar types of materials to the exclusion of 
other types. For example, p-nitrophenol is excellent 
as a preservative for leather and glue-bonded cork 
(proteinaceous materials), but is of little value as a 
preservative for paper (cellulosic material). Those 
antibiotics found to protect only one type of material 
and which meet the usual criteria for a good materials 
preservative may be of definite value and merit further 
consideration. 

The over-all effectiveness of the antibiotics cannot be 
determined from pure culture tests alone. Mycostatin 
and antibiotic C-59 both were good inhibitors in the 
pure culture test but were only fair or ineffective in 
tests with actual materials. Thiolutin and mucochloric 
acid caused little inhibition of fungus growth at a con- 
centration of 250 wg per ml in the pure culture test, but 
proved to be of some value in the preservation of one 
or more of the materials tested. Thus, the choice of 
test methods is important in the evaluation of com- 
pounds as preservatives for materials. 

The choice of test organisms should also be con- 
sidered in the screening of antibiotics for possible use 
as materials preservatives. Most of the literature is 
concerned with the possible clinical applications of 
antibiotics, and thus in initial screening tests those 
organisms responsible for the deterioration of materials 
(Greathouse et al., 1951; Greathouse and Wessel, 1954) 
are usually not considered. Lately, however, more at- 
tention has been paid to the evaluation of antibiotics 
for phytopathology and the prevention of food spoilage, 
with the result that associated microorganisms have 
been used in these nonclinical type studies. 

In considering the practical application of antibiotics 
as materials preservatives, it will be necessary to 
evaluate those which showed promise in more extensive 
tests. The qualities to be determined are resistance to 
heating and leaching, outdoor weathering properties, 
corrosiveness, resistance to soil microorganisms, and 
effects on materials. 

With the continuing discovery of new types of anti- 
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biotics, a supply of interesting new compounds is be- 
coming available which may become an important 
factor in the prevention of the microbial deterioration 
of materials. 
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SUMMARY 

High antimicrobial activity and low toxicity for 
man upon handling suggest the use of antibiotics for 
preserving industrial materials. Twenty-five antibiotics, 
and five fungicides for comparison, were investigated 
as preservatives for representative industrial materials. 

Antibiotics which inhibited fungus growth (A sper- 
gillus versicolor) in glucose-salts shake flasks at 250 ug 
per ml were Antibiotic C-59, 6-chloroethyl mucochlo- 
rate, filipin, fungichromin, mycostatin, netropsin sul- 
fate, and rimocidin. 

To study the prevention of deterioration of cellulosic 
materials, filter paper was used as a representative sub- 
strate. Endomycin, filipin, fungichromin, and thiolutin 
were effective at 0.5 per cent based on the weight of 
the paper. The antibiotic treated papers retained 60 to 
70 per cent of original strength after a 1 week soil burial 
test, comparing favorably with several standard 
fungicides. 


Only endomycin (1 per cent) or fungichromin (2 per 
cent) were capable of protecting castor oil, which is 
representative of oily type materials, from fungal 
attack after incubation for 6 weeks on salts-agar. Com- 
parison fungicides found more effective were copper-8- 
quinolinolate or phenyl mercury quinolinolate at 0.5 
per cent. 

Glue-bonded cork, which is representative of pro- 
teinaceous materials, was free of fungus growth for 12 
weeks in humid jar tests when treated with either 
8-chloroethyl mucochlorate (2 per cent), mucochloric 
acid (1 per cent), or thiolutin (0.6 per cent). Rimocidin 
(1 per cent) was effective for only 8 weeks, while com- 
parison fungicides, phenyl mercury quinolinolate and 
p-nitrophenol (at 0.5 per cent) were still effective at 
12 weeks~ 


Further investigation is necessary to determine the 
permanence of antibiotics in treated materials. 
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The use of microbial aerosols in the study of infec- 
tious diseases requires safe disposal of air exhausted 
from the aerosol chamber or from the apparatus em- 
ployed for respiratory challenge of animals. This also 
applies to small fermentors used for mass cultivation 
of infectious microorganisms, and to other similar de- 
vices requiring a continuous airflow. An ultraviolet air 
sterilizer (Miller ef al., 1955) has proved effective, but 
it has the disadvantage that the UV lamps must be 
cleaned and tested frequently. 

Our experience with small electric incinerators has 
been that those made of glass are easily broken, and 
that, if resistance wires are used as heating elements, 
they are prone to burn out. The electric air sterilizer 
described in this communication eliminates most of 
these disadvantages. Its sturdy, simple construction 
should assure years of service without maintenance. 


MATERIALS AND METHODS 


Apparatus. Details of the incinerator and the testing 
apparatus are shown in figures 1 and 2. Figure 1 shows 
the incinerator to be essentially a resistance type heat- 


TRANSFORMER 


ing coil which also serves as a channel for passage of 
air. The coil is formed from a single 10 foot length of 
type 347 stainless steel tubing 3¢ of an in. in diameter, 
with a wall thickness of 14 of an in. The ends of this 
coil are connected across the secondary of a 750 watt 
transformer, which is wound to develop a current of 
about 80 amperes at 9 volts through the coil. The coil 
is enclosed in an insulating jacket and a thermocouple 
pyrometer indicates the temperature of the exhaust air. 

The apparatus is designed to sterilize air at a flow 
rate of 1 cubic foot per min (cfm). When the entering 
air is at an ambient temperature of 75 F, a maximum 
exhaust temperature of 900 F is reached after a warm 
up period of 20 min. The apparatus operates from a 115 
volt AC line. 

Experimental methods. Spore suspensions of Bacillus 
subtilis var. niger were used to determine the sterilizing 
efficiency of the incinerator at varying temperatures 
with an air flow of 1 cfm entering the incinerator. The 
organism was grown in a casein partial hydrolyzate 
medium and was heat shocked at 60 C for 80 min. The 
heat shocked stock suspension was diluted 1:10 with 


THERMOCOUPLE 


TERMINALS 


Figure 1. Cross sectional drawing of 1 cfm air incinerator 
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distilled water before use. For each test, the temperature 
of the incinerator was regulated by means of a variable 
transformer, and the air flow was adjusted to 1 cfm. 
Bacterial aerosols were generated with a Chicago type 
glass nebulizer (Rosebury, 1947) and passed through 
the sterilizer. Air entering the device was sampled by 
means of liquid impingers containing 20 ml Bacto 
tryptose broth with two drops of olive oil added to 
counteract foaming. These samples were diluted in dis- 
tilled water and streaked onto duplicate plates of corn 
steep agar.' The exit air was cooled by passing the 
exhaust air line through a water bath. The air was then 


1 Black strap molasses, 10 g; treated corn steep liquor, 30 
g; agar, 20 g; distilled water, 1000 ml; adjust pH to 7. 


passed through membrane filters? (Type AA) to test for 
sterility. The filters were placed on corn steep agar 
plates and all plates were incubated at 37 C for 48 hr. 
A total of 90 tests was conducted, representing a com- 
bined sampling time of 900 min during which aerosols 
were continually passed through the apparatus. 


RESULTS 

The results of these experiments are summarized in 
table 1. These data show that air containing aerosol 
concentrations of | X 10% spores per cubic foot was 
sterilized when the temperature at the thermocouple 
was 400 F or above and when the air flow entering the 
sterilizer was adjusted to 1 cfm. This is the limiting 
temperature for sterilization of the spore concentrations 


Figure 2. Air incinerator and aerosol chamber used for testing 


TABLE 1 
Sterilization of air containing spores of Bacillus subtilis 


Temperature Total Minof Sampling | Recover From Exit 
Ar 

800 100 0 

750 100 0 

700 100 0 

650 60 0 

600 60 0 

550 60 0 

500 60 0 

450 60 0 

400 60 0 

350 180 0.44 
300 60 | TNTC 


Concentration of spores per cu feet of air entering iucin- 
erator = 1 X 10%. Air flow entering incinerator = 1 cfm. 
TNTC = Too numerous to count. 


used. Below this temperature sterilization was not 
obtained. 

Readings taken from various points along the coil 
showed that the temperature of the air varies con- 
siderably as it proceeds through the coil, and that the 
peak temperature is greater than that indicated by the 
pyrometer. Although a detailed study of this relation- 
ship was not made, it is clear that the pyrometer read- 
ing is not a true index of the temperatures to which the 
aerosol is exposed during its passage through the coil. 

Discussion 

The deliberate production of infectious microbial 
aerosols is one of the most hazardous laboratory opera- 
tions. However, many basic factors concerning infec- 
tivity, aerosol stability, and decay cannot be deter- 
mined in any other way. Infectious aerosols may also 


2 Millipore Filter Corp., Watertown, Massachusetts. 
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result from other techniques, such as those requiring 
aeration of cultures. The exhaust air from such opera- 
tions must be sterilized and the most reliable means of 
doing this is incineration. The | cfm capacity of the 
incinerater described above is sufficient for most 
laboratory scale operations. 

If provision is made for cooling the exit air, the ap- 
paratus may be employed as a source of sterile air which 
is sometimes needed for certain laboratory procedures. 

Although the minimum sterilizing temperature was 
400 F, the incinerator is routinely operated at 500 F 
or above. This stipulation allows for variations which 
may occur in the air flow and provides a safety factor 
in case of power failure during operation. This operat- 
ing temperature will also permit a reduction in the 
size of the transformer used on future models. 


|VOL, 6 


SUMMARY 


A small-volume air incinerator is described which 
is capable of sterilizing air at flow rates up to 1 efm. 
The apparatus is a resistance-type heater utilizing a 
750 watt transformer and a coil of stainless steel tubing 
as the resistance and air channel. The incinerator can 
be used for sterilizing air that is contaminated by some 
laboratory techniques or may be used to produce 
sterile air for various laboratory procedures. 
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Synnematin has been shown to have many of the 
attributes of a valuable antibiotic. It has an acute 
toxicity of only one-seventh as much as penicillin 
(Hwang and Primack, 1956-7). It is effective in vivo 
against a variety of experimental infections (Hobby 
et al., 1957; Olson and Jennings, 1954; and Rickher 
et al., 1957) and is also effective clinically (Benavides 
ef ai., 1955). Abraham ef al. (1955) found cephalosporin 
N to be the same as synnematin B. Therefore, the 
characteristics of cephalosporin N (Newton and Abra- 
ham, 1954) apply to synnematin also. The reasons 
for the present lack of commercial availability are most 
closely related to cost and difficulty of isolation and pur- 
ification. Published data (Olson ef al., 1954) show that 
the only medium which would allow synnematin pro- 
duction of 400 units per ml or more is one which con- 
tains 4 per cent corn meal, 4 per cent soybean meal, 1 
per cent calcium carbonate, 0.1 per cent ammonium sul- 
fate, and 0.1 per cent antifoam (lard oil with 3 per cent oc- 
tadecanol). This medium becomes so heavy with growth 
that some industrial fermentors are not capable of pro- 
viding sufficient aeration. Also, the harvested filtrate 
obtained with this medium contains a high percentage 
of impurities, thus adding to the difficulty of recovering 
synnematin. To obviate some of these difficulties a 
study was initiated to develop media with the follow- 
ing characteristics: (a) Sufficient chemical definition to 


allow the evaluation of substances for stimulation of 
synnematin production and selection of substances 
which might be precursors of the synnematin molecule; 
(b) less viscous, so that the less efficient industrial 
fermentors could be used; and (c) lower percentage of 
solids in the harvested filtrate with high antibiotic 
potency in order to facilitate recovery. 


MATERIALS AND METHODS 


Culture. Cephalosporium salmosynnematum MDH 
3590AUV48B3 was used in all experiments. The genus 
of this culture has now been changed by Grosklags and 
Swift (1957) to Emericellopsis. The culture was main- 
tained on Czapek-Dox agar slants and transferred every 
30 days. 

Seed production. A portion of mycelium approxi- 
mately 50 sq mm removed from an agar slant was used 
to start the seed flask. The seed flasks were grown 2 
days in a natural medium which consisted of 2 per cent 
soybean meal, 2 per cent corn meal, 0.5 per cent cal- 
cium carbonate, and 0.1 per cent antifoam (lard oil plus 
3 per cent octadecanol) (Olson ef al., 1954). After 2 
days of incubation, 0.5 ml was used to seed 50 ml of 
the medium B of Pisano ef al. (1954) and allowed te 
grow 24 hr before use. All seed flasks were shaken at 
30 C. 

Fermentation. All natural media used were autoclaved 
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1 hr at 121 C. Chemically defined and semi-chemically 
defined media were autoclaved 30 min at 121 C. Cal- 
cium carbonate when used in other than natural media 
was autoclaved separately and added prior to inocula- 
tion. 

Production flasks were seeded with 2 per cent in- 
oculum and grown at 34 C unless otherwise stated. 
Flasks other than those used to determine growth 
curves were harvested at 72 hr. Fermentation results 
were obtained from duplicate flasks in a minimum of two 
runs. 

Cotton stoppered wide-mouthed 500 ml Erlenmeyer 
flasks containing 50 ml of medium were used. Fer- 
mentations were carried out on a Gump! rotary shaker 
operated at 255 rpm and describing a 2!4-in. diameter 
circle. 

Assay. A Bacillus subtilis dise assay similar to that 
described by Loo et al. (1945) was used to determine 
synnematin potency of the filtrates. The synnematin 
unit as used in this paper is based on the Salmonella 
typhimurium dilution unit (Gottshall ef al., 1951). 


RESULTS 


Carbon sources. Pisano et al. (1954) showed that in 
their chemically defined growth medium, glucose, 
fructose, maltose, and mannose served equally well as 
a carbon source, but sucrose was slightly less effective. 
In addition to the sugar present, L-glutamic acid was 
always available to be used as a source of carbon. In 
the present work when DL-asparagine replaced the 
L-glutamic acid, the following substances could be used 
interchangeably as the carbon source for growth: glu- 
cose, fructose, maltose, sucrose, dextrin, corn starch, 
and potato starch. When these same carbon sources 
were evaluated for synnematin production it was found, 
as is shown in table 1, that mono- and di-saccharides 


1B. F. Gump Co., Chicago, Illinois. 


TABLE 1 


Effect of carbon source on synnematin activity 


| 


| Synnematin Activity 


Carbohydrate Component of Medium | 
| Carbohydrate at | Carbohydrate at 
| 4g per 100 ml* | 6g per 100 mit 


units/ml | units/ml 

Soluble starch (Difeo)........... | 280 | 400 
Corn starch (Argo)..............| 315 | 

(Difco)... |... 265 


Salts and precursors were present as given in medium A, 
table 3. 

* pL-Asparagine at a concentration of 0.6 g per 100 ml was 
present. 

} pL-Asparagine at a concentration of 0.9 g per 100 ml was 
present. 


gave 25 to 50 per cent of the antibiotic activity that 
was obtained with dextrin or starch. The improved 
yield appeared to be due to slow breakdown of the 
starch to glucose, thus, the starch or dextrin provided 
a slow feed of the glucose to the mold. 

Except for specific experiments, Difco soluble 
starch has been used throughout the course of this 
study. It was selected in place of corn starch since Difco 
soluble starch yields a completely clear solution at the 
concentrations used. 

Nitrogen source. As mentioned earlier, DL-asparagine 
can serve as the sole source of nitrogen. Other amino 
acids can also provide the nitrogen needed for growth 
and antibiotic production, but they are not used 
equally well. pt-Asparagine has been shown to be best; 
other promising amino acids are glycine, L-arginine, 
and DL-alanine. 

Under modified conditions, ammonium salts, such as 
the sulfate, nitrate, acetate, lactate, and citrate, can 
also serve as the sole source of nitrogen for growth. 
When ammonium sulfate or ammonium nitrate is 
used, calcium carbonate must be added after steriliza- 
tion to prevent the pH from dropping too low during 
the fermentation. In media with inorganic nitrogen, 
ammonium sulfate gave the best antibiotic activity. The 
activity obtained was equal to that produced when 
DL-asparagine was the sole source of nitrogen. 

While studying the available nitrogen sources it was 
found that the ratio of the carbon to nitrogen was very 
important. Figure 1 shows that the activity produced 
falls off steeply on either side of the optimum ratio. 
Both an organic and inorganic source of nitrogen were 
used to establish the optimum ratio. When determining 
the effect of carbon to nitrogen ratios, the nitrogen 
source was varied and the initial starch concentration 
kept at 6 per cent. Ammonium sulfate was used as the 
inorganic nitrogen source and DL-asparagine as the 
organic source. With these exceptions the media from 
table 3 were used. In both cases the optimum ratio was 
found to be approximately 15:1. 

Mineral requirements. With the exception of sulfur, 
the quantities of minerals found in Pisano’s medium B 
(1954) were sufficient for maximum activity in our 
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Figure 1. Effect of carbon to nitrogen ratio on synnematin 
production when nitrogen concentration is varied. 
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TABLE 2 


Medium used for testing compounds for stimulation of 
synnematin production 


Component Concentration g per L 
Soluble starch (Difeo)................. 20 
5 
0.33 
FeSO,-7H2O......... 0.025 


Distilled water to 1000 ml, pH adjusted to 7 with NaOH. 


TABLE 3 


Composition of semi-chemically defined media which allow 
synnematin yields of more than 400 units per ml 


Component Concentration g per L 
Medium A 
60 
pL-Asparagine...... 9 
ZnSO,:7H,0. 0.020 
Medium B 
60 
Ammonium sulfate.................. 7.5 
Calcium carbonate.................. 5 


Distilled water to 1000 ml; pH adjusted to 7 with NaOH. 


25°C 
TEMPERATURE OF FERMENTATION 
Figure 2. Effect of temperature on synnematin production. 


media. It was found that 50 mg of sodium sulfate per 
100 ml was the minimum amount needed to produce 
400 unit per ml. In order to have an excess, 90 mg of 
sodium sulfate per 100 ml have been used throughout 
this study. 

It was necessary to decrease the amount of sodium 
di-hydrogenphosphate from 89 to 20 mg per 100 ml in 
order to obtain maximum activity. The amount of 
phosphate has been found to be critical. The activity 
dropped rapidly on either side of the optimum amount. 
The reason for this is not clear at this time. 

Temperature. It may be seen from figure 2 that the 
best temperature range for the production of syn- 
nematin was 33 to 35 C. The points indicated on the 
figure represent maximum activity obtained in the 
fermentation at the specified temperature. The medium 
used had 4 per cent soluble starch and 0.6 per cent p1- 
asparagine. Other ingredients were the same as medium 
A in table 3. 

Aeration. Olson ef al. (1954) showed that synnematin 
production in a natural medium is dependent upon 
effective aeration. We have found this to be true for 
the chemically defined medium also. There was no 
difference found in the amount of activity produced 
with media volumes of 25 and 50 ml per flask, but 
when the volume was increased to 100 ml the decrease 
in aeration cut the antibiotic production to only 60 
per cent of that with 50 ml. When 150 ml of media 
were used in a flask the production was cut further. 

Compounds that stimulate synnematin production. The 
medium presented in table 2 was found to provide ex- 
cellent mycelial production, but only small amounts of 
synnematin (6 to 8 units per ml). To increase this low 
antibiotic production, individual compounds were 
added in various concentrations to this medium to 
test for stimulation. All of the amino acids were tested 
as well as a number of related compounds. It was 
found in this medium that the following compounds 
gave increases in synnematin production over the 
control: DL-asparagine, L-asparagine, DL-alanine, DL- 
isoleucine, pDL-tyrosine, choline chloride, hydroxy-p- 
proline, betaine, L-proline, glutathione, histidine, and 
glycine. The stimulation due to the addition of pD1- 
asparagine was so pronounced that it was soon used to 
replace the L-glutamic acid entirely. It would seem that 
D-asparagine served as the stimulant in this medium, 
because the addition of DL-asparagine gave an increase 
of two and one-half-fold over the use of L-asparagine 
alone. Further tests for stimulation were carried out in 
a medium of 4 per cent soluble starch, 0.6 per cent 
DL-asparagine, and salts as in table 2. Betaine and 
choline chloride each showed an increase of 25 per cent 
in synnematin production. It was found that their 
stimulations were not additive and that they could be 
used interchangeably. 

p-Asparagine, betaine, and choline chloride were 
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found to stimulate antibiotic production consistently 
by 10 to 20 per cent when added to the natural medium 
of Olson et al. (1954). Again the betaine and choline 
chloride could replace each other, but not the aspara- 
gine. 

Betaine and choline chloride have served as pre- 
cursors or stimulants in all media tested. p-Asparagine 
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Figure 3. Separation of synnematin by paper electro- 
phoresis. Eighty units in 0.01 ml were added to each strip and 
developed in 0.03 m sodium phthalate buffer (pH 5.9) with a 
constant current of 21 ma. A, Purified synnematin from natural 
medium; B, Synnematin culture filtrate from medium A of 
able 3. 
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has stimulated synnematin production except when 
ammonium sulfate was used to supply the required 
nitrogen. 

Identity of the antibiotic produced in the presence of 
betaine and p-asparagine. The synnematin which is pro- 
duced in the media listed in table 3 has been compared 
with synnematin produced in a natural medium and 
found to be identical. The synnematin from these media 
is inactivated by penicillinase and also separates into 
two components in the paper chromatography system 
developed for the separation of synnematin A and B 
(Olson et al., 1953). A separation into two antimi- 
crobially active bands has also been accomplished in the 
following paper electrophoresis system. The two bands 
were identical to those found with the synnematin 
from a natural medium. Eighty units were applied to 
the center of the paper strip which is Beckman? 3 mm, 
3 cm wide and 30 cm long. A Spinco model R? series D 
Durrum type cell? with 0.03 m pH 5.9 sodium phthalate 
buffer was run with eight strips for 2 hr at a constant 
current of 21 ma. The initial voltage was 300 and the 
final voltage was 180. Figure 3 shows the separation and 
degree of movement of the bands. 

Mycelial growth and antibiotic production. The 
growth and activity curves shown in figure 4 were ob- 
tained with medium A of table 3 using DL-asparagine. 
The data were obtained with and without the addition 


2 Beckman, Spinco Division, Palo Alto, California. 
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Figure 4. Growth and activity curves obtained with medium A of table 3 with and without betaine. 
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of betaine. The growth and activity reached a maxi- 
mum at the same time in both media. However, the 
medium with betaine gave more activity and better 
growth. The maximum antibiotic activity was reached 
at 80 hr. The activity first appeared between 20 and 24 
hr and increased at a uniform rate up to 80 hr. After 80 
hr the synnematin was destroyed at a faster rate than 
it was produced. 

Since the medium was a clear solution, the mycelial 
weight was determined by filtering, drying the pad 
overnight at 100 C, and weighing the residue. It was 
found that the mycelium was produced most rapidly 
in the first 48 hr, at which time the starch had disap- 
peared and the rate of growth began decreasing. The 
maximum amount of mycelium was produced in the 
first 60 hr. After 60 hr the mycelium began to break 
down. Figure 4 shows that the pH of the fermentation 
dipped briefly in the early hours and then started a 
slow climb until at 80 hr it was about 7.7 to 7.9. 

Table 3 describes two media which can be used for 
production of synnematin with yields of 400 units per 
ml or better. These yields have been substantiated in 
15 gal fermentors. Both media are sufficiently defined 
to allow further study of precursors and, if need be, 
the starch can be replaced by sucrose or glucose to give 
a completely chemically defined medium. The two 
media are not as heavy or viscous as the natural 
medium and are easier to agitate and aerate. The cul- 
ture filtrate is low in solids. Evaporation of the har- 
vested filtrate gives a dry solid which has 55 to 85 units 
per mg. A filtrate from the natural medium of the same 
potency per ml treated similarly yields a dry solid 
with 14 to 18 units per ml. 
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SUMMARY 


Media have been developed that give synnematin ac- 
tivities of 400 units per ml. This is equal to the ac- 
tivity obtained in a natural medium. The synnematin 
in the filtrate of the presently described media is three 
times as active on a dry weight basis as that in the fil- 
trate of the natural medium. 

Soluble starch, corn starch, potato starch, or dextrin 
may serve as the carbon source. Glucose or sucrose can 
replace the starch but the yield of antibiotic activity 
decreases to 100 to 200 units per ml. However, in the 
latter case the medium is completely chemically defined. 
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It was found that the nitrogen source may be either 
organic or inorganic. When an inorganic nitrogen 
source such as ammonium sulfate is used, calcium car- 
bonate is needed for the control of pH. The optimum 
ratio of carbon to nitrogen was shown to be 15:1 for 
both organic and inorganic nitrogen. 

Betaine and choline chloride have served as stimu- 
lants to antibiotic production in all media tested includ- 
ing a natural medium. p-Asparagine has likewise served 
as a stimulant, except in media with ammonium sul- 
fate as the nitrogen source. 
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Leaching the products of oxidation of copper sulfide 
minerals and the recovery of the copper has been a 
profitable operation in the mining industry for many 
years. It has been shown by Bryner ef al. (1954) and 
Bryner and Anderson (1957), that iron pyrites, chalco- 
cite, chalcopyrite, and molybdenite are oxidized 
biologically in exposed ore bodies to sulfates, surfuric 
acid, and other soluble products. It has also been 
shown by Colmer and Hinkle (1947); Leathen et al. 
(1953 a, b), that sulfur and iron sulfides occurring in 
coal beds in the Pennsylvania and West Virginia area 
are oxidized biologically. 

The purpose of this paper is to report the results of 
laboratory studies on the isolation, characterization, and 
nutrient requirements of two chemosynthetic auto- 
tropic bacteria found in the leaching streams from ex- 
posed ore bodies in Bingham Canyon, Utah. Also, to re- 
port similarities of these bacteria to those found in 
leaching streams from Cananea, Sonora, Mexico 
(Jameson, 1957). 


MATERIALS AND METHODS 


The basic apparatus used in these studies was an air 
lift percolator previously described (Bryner and Ander- 
son, 1957). These percolators consisted essentially of 
an air lift which enabled nutrient solution and micro- 
organisms to pass freely through a suspension of the 
substrate in Ottawa sand. The air lift served the addi- 
tional purpose of maintaining a high concentration of 
oxygen and carbon dioxide in the nutrient solution. 

The percolator was charged with 5 g of mineral sus- 
pended in 100 g of Ottawa sand. This charge was placed 
in the main tube on top of a porcelain filter dise and 
glass wool. After the charge was placed in the tube, 100 
ml of nutrient solution was added to the percolator. All 
entrances to the percolator were either sealed off or 
fitted with cotton plugs. This apparatus could be 
sterilized and maintained indefinitely under aseptic 
conditions. 

The microorganisms used in this investigation were 
obtained from the effluent streams from waste dumps 
in Bingham Canyon, Utah, and Cananea, Sonora, 
Mexico. The sources of the various cultures which were 
used are summarized in table 1. 

Several oxidizable substrates were used in the isola- 
tion procedure and physiological studies on the isolated 


bacteria. Analyses of these substrates are shown in 
table 2. 
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The compositions of the nutrient solutions which 
were used are shown in table 3. Nutrient I was used 
initially to simulate naturally occurring conditions. 
Nutrient II was the optimum nutrient found. Alternate 
sources of nitrogen are given. 


TABLE 1 
Source of bacterial cultures 
Culture No. Source 
1 Bingham Canyon stream solution 
2 Culture 1 after enrichment on iron pyrite 
3 The organism isolated on sulfur from culture 1 
4 


The organism isolated on ferrous iron from 
culture 1 


5 Cananea stream solution (Veta) 
6 Cananea stream solution (Ronquillo) 
TABLE 2 
Analysis of substrates used 
Per Cent 
Substrate 
Mo Ss Cu Fe Insol. 
Molybdenite concen- 

57.58 | 28.42 | 0.1 0 3.9 
Chaleopyrite II....... Trace | 33.45 | 32.15 | 18.55 | 15.85 
Pyrite III.............| 0.04 | 44.45 | 6.57 | 46.0 0.08 
Trace | 42.5 5.36 | 34.25 | 17.89 
Ferrous sulfate........ Reagent grade 
Copper sulfide (CuS)..| Reagent grade 


TABLE 3 
Various nutrients used in the studies of the physiological 
properties of the isolated bacterium 


Nutrient No. 
Nutrient Comp t 
I | ul 
Conc in g/L 
0.30 0.10 
8.0 
MnSO,- H.O 0.05 — 
Ca (NOs)2- 4H,O 0.10 = 
Distilled H.O.......... 1000 ml 1000 ml 
2.65 


The pH was adjusted to 2.65 with sulfuric acid. 
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Two methods of isolation were used, isolation on a 
solid medium and the enrichment-dilution technique. 


RESULTS 


Tsolation studies. It was previously shown (Bryner 
et al., 1954) that bacteria found in the leaching streams 
in Bingham Canyon, Utah, were capable of the oxida- 
tion of pyritic materials. Among these were pyrite, 
various copper sulfide minerals, and molybdenite. 
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Figure 1. The oxidation of ferrous iron before and after the 
isolation of the oxidizing organism. 
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Figure 2. The oxidation of free sulfur to sulfuric acid 
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To isolate the bacterial species found in the original 
stream solution, a single oxidizable substrate was used. 
Chalcopyrite and pyrite, containing both iron and 
sulfur, were oxidized to soluble sulfates. An enriched 
culture (culture 2) was developed on pyrite from culture 
1. Since these enriched cultures oxidized both ferrous 
iron and sulfur from the pyrite, they were run indi- 
vidually as follows: Two g of sulfur, 100 g of Ottawa 
sand, and 100 ml of nutrient solution were added to a 
percolator and sterilized in the autoclave. This was in- 
oculated with one drop of culture 2. Ferrous iron in a 
concentration of 2000 ppm was used at a pH of 2.5 ina 
percolator without the Ottawa sand, the percolator and 
contents were sterilized, and one drop of culture 2 was 
introduced aseptically. 

The results of this study are given in figures 1 and 2. 
It may be seen that both ferrous iron and sulfur sup- 
port bacterial growth. These two materials were used 
as oxidizable substrates in the isolation. 

In the eases in which it is possible, isolation on a solid 
medium is much preferred over the enrichment-dilu- 
tion technique because single, isolated colonies can be 
grown from one organism. These single colonies can be 
easily seen and are recognized as colonies descending 
from a single cell. 

After several attempts to grow cultures on agar-agar, 
it was evident that it was not suitable for the isolation 
of this type of bacteria. It had previously been shown 
that the bacterium in question was a chemosynthetic 
autotroph (Bryner ef al., 1954). Since organic materials 
tend to have a deleterious effect on this type of bacteria, 
a completely inorganic solid medium was used. Thus, a 
silica gel containing the desired nutrients and sub- 
strates was used in this phase of the investigation. The 
silica gel was prepared according to the method de- 
scribed by Kingsbury and Barghoorn (1954). 

The photographs in figure 3 show the colonies as they 
appeared on the Petri plates growing on ferrous iron. A 
photomicrograph of the organisms is also shown 
(1200 X). Unsatisfactory results were obtained using 
a sulfur suspension in silica gel. 

The small colonies were grown on ferrous iron from 
a single or a very few cells. To insure against contam- 
inant organisms, a small representative colony was 
used as the inoculum for another silica gel plate. After 
several transfers in which the characteristics of the 
colonies remained the same, the bacterium responsible 
for the substrate oxidation was assumed to be isolated. 

The most generally used technique for enrichment- 
dilution isolation consists of diluting an enriched culture 
aseptically to such an extent that only a very few organ- 
isms remain. Theoretically, the enriched culture is 
diluted until only the organism present in the greatest 
amount remains; thus, by dilution, the slower growing 
organisms were eliminated. 
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A modified enrichment-dilution technique, particu- 
larly suited for use with the slow growing organisms 
studied in this investigation, was employed. This 
method consisted of an enriching step similar to the 
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usual procedure. In this step, a high concentration of 
organisms was obtained. A single drop of solution was 
then transferred aseptically to another sterile percolator. 
When growth was first noticed, a single drop of the re- 


Figure 3. Photograph of Petri plates showing individual colonies of ferrous iron oxidizin 
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sulting solution was aseptically transferred to a third 
percolator. This was continued through several steps. 
Each step drastically reduced the concentration of slow 
growing and foreign organisms. At some point the 
foreign organisms reach a very low concentration. At 
this concentration, the chances for a single droplet to 
contain one bacterial species became very good. Several 
further transfers insured that a pure culture had been 
obtained. 

Both ferrous iron and sulfur were used as oxidizable 
substrates in the enrichment-dilution isolation. After 
several transfers, it was assumed that the isolation of 
the organism had been accomplished. This was sub- 
stantiated by observing that stained preparations 
showed uniform morphological characteristics. It was 
also found that the culture isolated by this means on 
sulfur failed to oxidize ferrous iron as shown in figure 1, 
culture 3. 

Both methods of isolation on ferrous iron gave similar 
results. All tests showed that the culture was exactly 
the same. About the same rates of oxidation on ferrous 
iron, pyrite, and sulfur indicated that they had the 
same physiological properties. 

Properties of the isolated organisms. The organism 
isolated on ferrous iron was found to be a gram negative 
rod. The conventional Gram stain was used. However, 
excess acid had to be removed by washing and centri- 
fuging. The organism varied slightly in size and shape 
depending on the substrate. It was motile and about 
0.5 to 0.8 uw by 1.0 to 1.3 uw. On ferrous iron it was al- 
most round while on pyrite it had a definite rod shape. 
A photomicrograph of the organism as it grows on 
ferrous iron is shown in figure 3. 

On silica gel with ferrous iron as the substrate (figure 
3), the colonies gave the following characteristics: Color, 
orange to red (iron precipitate); size, 1 to 2 mm in 
diameter; luster, dull; margin, circular; surface, 
smooth, hard crust; elevation, flat. On silica gel with 
pyrite and chalcopyrite as the substrate, the following 
characteristics were exhibited: cclor, yellow-orange; 
size, 1 mm (maximum); luster, dull; margin, circular; 
surface, smooth; elevation, flat. 

Culture 3 was found to consist of a bacterium which 
was morphologically similar to culture 4. The colonies 
of culture 3 on silica gel were very hard to distinguish. 


The proper characterization of each isolated bacterium ~ 


requires a knowledge of its ability of oxidize various 
substrates. As shown in figure 1, culture 4 oxidized 
ferrous iron but culture 3 does not. 

It was found that the bacterium isolated on ferrous 
iron (culture 4) could also oxidize iron pyrites while 
the bacterium isolated on sulfur (culture 3) could not. 
Curves comparing growth on pyrite with growth before 
isolations are shown in figure 4. Initially, culture 4 
oxidized pyrite very slowly, but later the oxidation rate 
increased. A second transfer showed an activity which 
approaches that of culture 2. 
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As shown in figure 2, both cultures 3 and 4 were found 
to oxidize sulfur to sulfuric acid. However, isolation of 
the sulfur oxidizer (culture 3) by enrichment-dilution 
technique requires that it be faster growing than all 
other organisms present in the impure culture. This is 
shown to be true. As may be seen from figure 2, cul- 
tures 2 and 3 oxidize sulfur at about twice the rate of 
culture 4. It may be seen from tables 4 and 5, that cul- 
ture 3 fails to oxidize either chalcopyrite or molybdenite 
while culture 4 is able to oxidize both minerals. 

The progress of the biological reactions were followed 
by analysis of the oxidation products. It was observed 
that the solutions in the active percolators became 
turbid and frothed somewhat. This was an indication 
of increased cell formation. To check this, 100 ml 
samples of culture 4, growing in the percolators on 
sulfur, were centrifuged, dried (105 C), and analyzed 
for nitrogen content. The oxidation of 560 mg of ele- 
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Figure 4. A comparison of oxidation of pyrite before and 
after isolation. 


TABLE 4 


A comparison of the amount of chalcopyrite solubilized by cultures 
2, 3, and 4 after 13 days 


Culture No. Solubilized Copper Solubilized Iron 
mg. mg 
2 7.9 454 
3 0.9 12 
4 7.9 491 
Sterile control 0.7 8 
TABLE 5 


A comparison of the molybdenite oxidized by cultures 2, 3, and 4 
after 13 days 


Culture No. | Oxidation of MoS 
2 0.61 
3 | 0.09 
4 0.53 
Sterile control 0.06 
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mental sulfur to sulfuric acid by culture 4 produced 8.9 
mg of dried cells with an amino nitrogen content of 
14.3 per cent. 

The effect of various substances on the biological oxida- 
tion of pyrite. Chemosynthetic autotrophic bacteria 
have the capability of living in a completely inorganic 
environment, utilizing carbon dioxide from the at- 
mosphere as a source of carbon. No organic materials 
are needed, indeed some organic materials may actually 
impede or completely stop growth (Frederick ef al., 
1957). The purpose of this phase of the investigation 
was to determine the effect of various organic and in- 
organic materials on the oxidation of pyrite by culture 2. 


NO ORGANIC SUBSTANCE 


GLUCOSE (.04 ML) 

SUCROSE (.04 G/OO ML) 

ACETONE (i ML/IOO ML) y 
KEROSENE (SATURATED) 

STERILE 

BENZENE (SATURATED) i 


PYRITE OXIDIZED (5 G. SAMPLE) 


So 


DAYS 


Figure &. The oxidation of pyrite in the presence of various 
organic compounds. 


TABLE 6 


The effect of addition of thiourea and sodium thiocyanate to 
Nutrient IT 


Cumulative Per Cent Oxidation of Pyrite 


| 
| 
Time Days | 
| 


Nutrient II Nutrient I1 
Sterile control Nutrient II | plus 0.1 g per L| plus 0.1 g per L 
thiourea thiocyanate 
| — 0.65 
| - 0.90 
34 | 0.2 24.0 0.6 -- 
90 0.4 68.0 0.8 — 


TABLE 7 


The effect of various substances as nitrogen sources in the 
biological oxidation of pyrite 


Per Cent Oxidation of Pyrite 


Sodium 
| Sterile | Nutrient IT | Urea 0.10 | 6-Alanine gg nitrate 
| control | (NHa)2SO4 gperL | 0.10 per L| L per 


Figure 5 shows the effect of several representative 
organic compounds on the oxidation of pyrite. Benzene 
definitely inhibits pyrite oxidation, acetone has some 
inhibitory action, whereas kerosene, glucose, and su- 
crose exhibit little if any effect. 

Table 6 shows the effect of thiourea and sodium 
thiocyanate on the biological oxidation of pyrite by 
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Figure 6. Urea as a nitrogen source in the biological oxida- 
tion of pyrite. 


TABLE 8 
Pyrite oxidized by organisms from various geographical locations 
Cumulative Soluble Iron (mg) 
Time Days 
Sterile | Culture2 | Culture6 Culture 5 

| 

12 

26 25 404 313 482 

51 30 985 | 1098 1127 
TABLE 9 


Chalcopyrite oxidized by organisms from various geographical 
locations after 13 days 


Culture No. | Solubilized Iron Solubilized Copper 
| | 
| mg. | mg. 
2 | 539 | 7.9 
5 428 11:5 
6 | 494 8.5 
Sterile control | 8 | 0.7 


TABLE 10 


Molybdenite oxidized by organisms from various geographical 
locations after 13 days 


Culture No. ¥ Oxidation of MoS: 
2 0.70 
5 1.00 
6 | 0.61 
Sterile control 0.06 
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9 | 0.4 | 74.0 | 53.2 2.7 | 35.3 | 0.60 


culture 2. From these results it is apparent that both 
compounds greatly inhibit pyrite oxidation. 

The effect of various compounds as nitrogen sources 
for the bacterial oxidation was investigated. The sub- 
stances were substituted into nutrient IT in place of the 
nitrogen containing compound. The results, shown in 
table 7, indicate that urea and L-cystine may supply 
the nitrogen requirements whereas 8-alanine and sodium 
nitrate do not. 

Since urea was found to be nearly the equal of am- 
monium sulfate as a nitrogen source, the optimum was 
determined for use in an alternate nutrient solution. 
This is shown in figure 6. The optimum urea concen- 
tration was found to be 0.05 g per L. Thus, on the basis 
of contained nitrogen, urea has about 10 times the 
effectiveness of ammonium sulfate. 

Sulfide oxidation by organisms from Mexico. It has 
been known for several years that biological action 
was responsible for the oxidation of various sulfides in 
the waste dump at Bingham Canyon. Weed (1956) has 
described operations that are being carried out success- 
fully at Cananea, Sonora, Mexico, which are similar to 
those at Bingham Canyon. 

Preliminary runs under aseptic conditions showed 
that the oxidation of pyrite by stream solutions from 
both the Cananea waste dumps (Ronquillo, culture 6) 
and the underground operation (Veta, culture 5) were 
biological. A series of sterile percolators were set up to 
compare the rate of sulfide oxidation by the organisms 
from Bingham Canyon with that by the organisms 
from Mexico. The initial inoculum in each case was 
from an enriched culture on pyrite. These results are 
shown in tables 8, 9, and 10. The results show that all 
the cultures act similarly on pyrite, chalcopyrite, and 
molybdenite. 


Discussion 

In the leaching streams from exposed ore bodies in 
Bingham Canyon, large amounts of soluble iron and 
copper are found. It was previously shown that this 
oxidation was biological. The primary result from this 
series of investigations was the isolation of the chemo- 
synthetic bacterium responsible for this oxidation. 

The isolated bacteria may be compared with similar 
organisms described in the literature. They correspond 
most closely to the genus Thiobacillus. Only two organ- 
isms from this group tolerate the same high acid con- 
centration (pH 2.0 to 3.5) exhibited by the bacteria 
isolated in this investigation. They are 7. thiooxidans 
and T. ferrooxidans. Differences were observed in the 
physiological properties exhibited by the various or- 
ganisms. T. thiooridans oxidizes sulfur but not pyrite 
or ferrous iron (Leathen ef al., 1953 a, b). T. ferrooxidans 
oxidizes pyrite and ferrous iron in acid solution but not 
free sulfur (Temple and Colmer 1951; Temple and Del- 
champs, 1953). One bacterium isolated in this study 
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oxidized ferrous iron, sulfur, and pyrite as well as other 
sulfide minerals. Thus, this organism exhibited some- 
what different characteristics than either 7. thiooxidangs 
or T. ferrooxidans, although nearly the same as T, 
ferrooxidans. 

A second organism was isolated on sulfur and ex- 
hibited characteristics very similar to those of 7’. thio- 
oxidans. An investigation was made to determine the 
optimum nutrient material for oxidation of pyrite by 
culture 4. 

A process similar to that in the waste dumps at 
Bingham Canyon has been observed at Cananea, 
Sonora, Mexico. The stream solution from this source 
exhibited the same general characteristics as those 
from Binham Canyon. Oxidation of pyrite, chalcopy- 
rite, and molybdenite was observed in nearly the same 
amounts. Thus, it may be concluded that the biological 
oxidation of sulfide minerals is not unique to any one 
area but occurs wherever conditions are favorable. 
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SUMMARY 


The isolation and characterization of two chemo- 
synthetic autotrophic bacteria from the leaching 
streams in Bingham Canyon, Utah, has been accom- 
plished. One of these organisms is able to oxidize free 
sulfur, ferrous iron, iron pyrites, molybdenite, and 
several copper sulfide minerals. This organism is very 
similar to Thiobacillus ferrooxidans. The other organism 
oxidizes free sulfur but does not oxidize the sulfide 
minerals. This one is similar to Thiobacillus thiooxidans. 

The nutrient requirement of these organisms has been 
investigated. 

A comparison was made with the bacteria isolated 
from Bingham Canyon and those found in the leaching 
streams from a similar operation at Cananea, Sonora, 
Mexico. 
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“The bible of bacteriology .. 
thoroughly revised 
in a brand new edition 


Bergey’s MANUAL OF 
DETERMINATIVE 
BACTERIOLOGY —New 7th edition! 


The general format of the 7th edition of Bergey's Manual 
differs very little from that of the previous edition. But there are 
many changes in content as a result of a thorough revision. 

The most obvious change is the elimination of certain ma- 
terial. Bergey’s Manual contains an outlined classification of 
bacteria and descriptions of taxa from Class to Species and Sub- 
species, together with appropriate keys. 

Nearly all species regarded as having been inadequately 
described or that could not be definitely placed have been 
excluded, together with many of the less important synonyms of 
the accepted species. These, together with the index to all the 
literature of both accepted and poorly described organisms will 
be transferred to a separate book, Index Bergeyana, which will 
be published at a later date. The latter book will include all 
descriptionsand citations of speciesformerly found as appendices, 
or indefinitely placed as species incertae sedis, in Bergey’s Manual. 
In addition to this, the host and habitat index will also be trans- 
ferred to Index Bergeyana. 

The net result is that Bergey’s Manual contains descriptions 
of many more species and with more adequate descriptions than 
any previous edition. Moreover, the book has been slimmed 
down in size so that it is now a much handier volume to work 
with. 
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Definitive mycological diagnosis 
ATLAS OF 
MEDICAL MYCOLOGY 


By EMMA SADLER MOSS, B.S., B.M., M.D. 
and ALBERT LOUIS McQUOWN, B.S., B.M., M.D. 


Practical, basic classification for the understanding, work and dis- 
cussion of mycology in hospital, laboratory and clinic. 

Enables you to identify, quickly and accurately, the fungi most 
frequently encountered in human infections. 

Mycoses covered include: actinomycosis, nocardiosis, mycetoma 
pedis, trichomycosis axillaris, erythrasma, cryptococcosis, monil- 
iasis, North American and South American blastomycosis, histo- 
plasmosis, sporotrichosis, coccidioidomycosis, chromomycosis, der- 
matomycosis, rhinosporidiosis, tinea versicolor, piedra. 

Information about each mycosis includes: etiology, definition, dis- 
tribution, clinical disease, x-ray diagnosis, laboratory diagnosis, 
mycology, histology, treatment and prognosis. 

Profusely illustrated, with pictures of clinical conditions, x-rays and 
photomicrographs grouped at the end of each chapter. 

Includes: highly informative charts; a glossary with concise definitions 
and clear guide to pronunciation; a description of methods; a 
practical formulary; sections on immunology, preparation of culture 
media, classification of fungi, contaminants; a brief bibliography 


and a full index. 
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i _ These reagents are prepared and standardized to preserve 
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\3 flask culture techniques for propagation and study of tissue 
cells and viruses én vitro. 
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